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Recent experiments with isotopically labeled fatty acids (2-6) make it 
reasonably certain that ketone bodies arise from these substances in liver 
by coupling of acetyl groups which result from 8 oxidation. With the 
establishment. of the acetyl group as the most probable primary breakdown 
product of fatty acids, the question emerges whether condensation to aceto- 
acetate is an obligatory step in the metabolism of acetate in all tissues and 
under all conditions, or whether further chemical changes may occur with- 
out intermediary conversion to ketone bodies. The present investigation 
was designed to elucidate this question. 

A preliminary study disclosed that liver, kidney, and heart muscle slices 
of the rat readily metabolize acetate,’ but only with liver is there accu- 
mulation of ketone bodies. Comparison of the relative rates of acetate and 
acetoacetate disappearance in these organs revealed that whereas in liver 
there was little if any disappearance of ketone bodies, the rate of aceto- 
acetate breakdown in kidney and heart is so rapid compared with acetate 
metabolism, that ketone bodies, if formed from the latter, would not be 
expected to accumulate. Thus, no answer can be acquired by this method 
as to whether or not ketone bodies are actually formed during acetate 
metabolism in kidney and heart. 

With sodium acetate, marked by the presence of excess C" in the carboxyl 
carbon, the conversion of acetate to acetoacetate in these two tissues was 
tested in the following way. A mixture of isotopic acetate and normal, 
non-isotopic acetoacetate was incubated with the tissue for 2 hours in oxy- 
gen at 38°, the quantity of acetoacetate taken being such as to allow the 
recovery of an amount sufficient for isotope analysis at the close of the 


*A preliminary report of this work has appeared (1). 

With the technical assistance of Lafayette Noda, Mary Cammaroti, Ethel Niessen, 
and Ruth Millington. 

Aided in part by Mr. Paul A. Davis of Philadelphia. 

1 Experiments were also carried out with rat brain and skeletal muscle slices, but 
acetate utilization was so low in these tissues that further work with them appeared 


fruitless. 
1 











2 FATTY ACID METABOLISM. IV 


experiment. Under these circumstances any isotopic acetoacetate formed 
from acetate should mix with the non-isotopic acetoacetate already present 
and increase its C“ content. Thus, the presence of excess C™ in the 
recovered acetoacetate may be considered proof of its formation from 
acetate. 


EXPERIMENTAL 


The labeled sodium acetate was prepared by the Grignard reaction from 
isotopic CO,; it contained 3.90 atom per cent C™ excess, representing 7.80 
per cent C™ excess in the carboxyl carbon. The sodium acetoacetate was 
prepared from the methyl ester by the procedure of Ljunggren (7). The 
substrates were used in concentrations of approximately 0.01 and 0.005 m 
respectively, in a 0.01 m phosphate-buffered solution of the following com- 
position: CaCl, 1 mm, KCl 2 mm, NaCl 13.5 mm per 100 ml. 

Organs of adult rats, previously fasted 24 hours, were used. Slices were 
prepared in the conventional manner. The kidney preparation used in 
Experiment 3 was prepared by means of a small press of our own design, 
which operates by forcing the undiluted tissue, by hand screw pressure, 
through a finely perforated die. Microscopic examination of stained 
smears of such preparations has revealed the absence of intact cells, though 
apparently undamaged nuclei were present. 

Except where indicated otherwise in the descriptions of the individual 
experiments, the incubation, isolation, and analytical procedures were the 
same as employed previously (4). 


Results 


Acetate and Acetoacetate Disappearance—The relative rates of acetate 
and acetoacetate metabolism in various organs of fasted rats are compared 
in Table I. The values given are the conventional Q designation (micro- 
liters per mg. of dry tissue per hour, the dry weight being estimated as one- 
fifth of the wet tissue). They are the average results of many experiments 
carried out essentially as described in a previous report (4). In each case, 
acetate and acetoacetate were determined by direct assay before and after 
incubation with the tissue slices. Of the three organs, liver metabolized 
acetate most rapidly, this being the only organ in which ketone bodies 
accumulated. With acetoacetate as substrate, the low rate of its disap- 
pearance was accounted for entirely by hydroxybutyrate formation. With 
kidney and heart, the rate of acetate disappearance was lower than in liver. 
However, there was a high rate of acetoacetate metabolism in these tissues, 
accounted for only to a small extent by reduction to hydroxybutyrate. 

Similar results were obtained by incubation of kidney and heart slices 
with mixtures of acetate and acetoacetate. When both substrates were 
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present, acetoacetate disappeared much more rapidly than acetate. In 
view of the high rate of acetoacetate metabolism compared with acetate 
in these tissues the non-accumulation of ketone bodies cannot be considered 
as evidence for their lack of formation. 


TaBLe I 
Q Values for Acetate and Acetoacetate Disappearance in Tissue Slices of Fasted Rats 
Approximately 2 gm. of fresh tissue in 60 ml. of Ringer-phosphate. Experiments, 
2 hours in O» at 37.5°. 























Substrate 
| 
Acetate, 0.01 u Acetoacetate, 0.005 m | Acetate, A eee 
Ketone | Aceto- Hydroxy- Aceto- Hydroxy- 
| Acetate bodies | acetate butyrate Acetate acetate butyrate 
| | 
ee | —5.0 2.5 | -1.2 / 1.2 | 
Kidney . . | -4.2 | 0 | -53 | 1.3 | -38.0 | -4.4 | 2.0 
Heart muscle...) —2.5 0 | —3.7 11 | 1.3 —4.0 1.2 
TaBLe II 


Distribution of C in Products of Incubation of Acetate-Acetoacetate Mixtures with Rat 
Kidney and Heart 


2 hours in O» at 37.5°. Acetate, 0.01 M; acetoacetate, 0.005 m. 


























. Experiment 2, : : 
Lidmey slices,” | Kidney slices, 2.28] AXGECY'brei.” | “heart slices,” 
44 gm. NaHCuo; 3.0 gm. 1.80 gm. 
me ee | me ee | me | ee | ae (OC 
Acetate utilized 0.0918 | 3.90 | 0.0669 | 0 0.117 | 3.90 | 0.043 | 3.90 
Acetoacetate, start 0.297 0.314 0.291 0.276 
B-Carbon 0 0 0 0 
Carboxyl carbon 0.05 0.03 
Acetoacetate, recovered | 0.140 0.154 0.167 0.149 
8-Carbon 0.81 0.15 0.69 0 
Carboxyl carbon 0.73 0.08 0.85 0.06 
0.92 | | 
Hydroxybutyrate 0.071 0.061 | 0.082 | 0.958 
8-Carbon | 0.60 (0.15 0.57 0 
Respiratory CO, 0.539 | 0.88 | 1.207* 2.17 | 0.698 | 0.60 | 0.436 | 0.33 











* Respiratory CO, plus CO, from the added bicarbonate. 


Ketone Body Formation from Acetate by Kidney Slices, by Use of Isotopic 
Acetate—The data of a single experiment, representative of four thus far 
carried out, in which a mixture of carboxyl-labeled acetate and non-isotopic 
acetoacetate was incubated with kidney slices, are listed under Experi- 
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ment 1 of Table II. The acetone isolated by decarboxylation of the aceto- 
acetate remaining at the close of this experiment had an excess of 0.27 per 
cent C“. To ascertain the distribution of the isotope among the 3 acetone 
carbon atoms, a portion was treated with alkaline hypoiodite, and the 
resulting iodoform analyzed for its C“ content. It was found to contain 
only the normal C™ concentration. Inasmuch as the iodoform carbon 
arises from the methyl! groups of acetone, the excess C™ of the acetone must 
have been exclusively in the carbonyl group. Hence, the C“ content of 
the carbonyl carbon (the 6-carbon of acetoacetate) is 0.27 X 3 = 0.81 per 
cent. Two values were obtained for the C™ excess of the carboxyl carbon: 
0.73 by thermal decarboxylation and 0.92 by aniline citrate decarboxyla- 
tion. Inasmuch as the latter procedure is more specific for carboxyl carbon 
of 8-keto acids, it can be regarded as the more reliable figure. 

There was also recovered 0.071 mm of hydroxybutyrate, which, upon 
oxidation with dichromate, yielded acetone with a C™ excess of 0.20 per 
cent, representing 0.60 per cent in the 8-carbon. 

The conversion of acetate to acetoacetate and hydroxybutyrate in kidney 
thus appears to be established. The presence of the excess isotope in 
approximately equal concentration in the 8-carbon and the carboxy! carbon 
atoms and its absence from the a- and y-carbons suggest that the conver- 
sion occurs by coupling of acetyl groups. However, several other possibili- 
ties remained to be considered. The remote possibility of a non-enzymatic 
interchange between acetate and acetoacetate is eliminated for the follow- 
ing reason. The initial C“ values for the acetoacetate were obtained by 
isotopic analysis of the acetone and CO, resulting from heat treatment of 
an aliquot of the medium before incubation. Inasmuch as the medium 
contained the isotopic acetate in addition to the non-isotopic acetoacetate, 
the acetone and CO, should have had a C™ excess if interchange occurred. 
This procedure was followed in many experiments, but in no case did the 
isolated acetone contain excess C". The slight excess of C™ in the carboxyl 
group remains unexplained. However, it can conceivably be due to a 
slight decarboxylation of acetate under the conditions employed, since only 
about 0.3 per cent decarboxylation of the acetate would account for the 
observed C"* excess in the acetoacetate carboxyl carbon. 

The possibility remained that the excess C™ in the acetoacetate arose 
indirectly from acetate by a mechanism involving assimilation of isotopic 
CO, resulting from acetate oxidation. Accordingly, an experiment was 
made with non-isotopic substrates, to which was added 0.5 ma of isotopic 
sodium bicarbonate containing 4.5 per cent C™ excess (Experiment 2, 
Table Il). To keep the CO, content of the medium as high as possible 
the KOH papers usually placed in the central well of the respirometer 
flasks were omitted. The slight C™ excess observed in both the aceto- 
acetate and hydroxybutyrate fractions suggests that CO» assimilation may 
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play a part in ketone body formation. This reaction is being studied fur- 
ther. It is evident, however, that CO, assimilation cannot be responsible 
for the results obtained with isotopic acetate, since the C™ excess in the 
ketone bodies with isotopic acetate was considerably higher than with 
isotopic bicarbonate despite the fact that the C“ content of the respiratory 
CO, with acetate, 0.88 per cent, was only about one-fourth the average 
C® content of the respiratory COs, (4.5 + 2.2)/2 = 3.4 per cent, with 
isotopic bicarbonate. 

Ketone Bodies from Acetate in Pulped Kidney Tissue—In a study of 
acetate oxidation by animal tissue Wieland and Jennen (8) found acetate 
to be oxidized réadily by cattle kidney brei. In confirmation, we found that 
rat kidney brei also oxidized acetate at about the same rate as slices, and 
also without accumulation of ketone bodies. It was of interest, therefore, 
to compare the course of acetate metabolism in brei with that in slices. 
Typical results of three such experiments are shown under Experiment 3 
of Table II.. They indicate that acetate metabolism in this preparation is 
qualitatively and quantitatively similar to that with slices. 

Acetate Oxidation in Heart Muscle—By contrast with kidney, acetate 
metabolism in rat heart slices apparently does not proceed through ketone 
bodies. As shown in Experiment 4 of Table II, the 8-carbons of aceto- 
acetate and hydroxybutyrate contained no excess C™, despite the fact that 
acetate oxidation had doubtlessly occurred, as indicated by the presence 
of 0.33 per cent excess C™ in the respiratory CO». 

Calculation of Quantity of Acetate Converted to Ketone Bodies—With the 
establishment of ketone body formation from acetate by kidney, the ques- 
tion arises as to what percentage of the total acetate metabolized was thus 
transformed. In Experiment 1, the excess of 0.81 per cent C” in the 
8-carbon atom represents an over-all C" excess of 0.41 atom per cent in the 
acetoacetate (assuming equal quantities in the 8-carbon and carboxyl 
carbon and none in the a- and y-carbons). Inasmuch as the acetate con- 
tained 3.90 atom per cent excess C", of the 0.211 mm of ketone bodies re- 
covered (0.41 X 0.211)/3.90 = 0.022 mm came from acetate, requiring the 
condensation of 0.022 « 2 = 0.044 mo of acetate, or (0.044 & 100) /0.092 = 
48 per cent of the total which disappeared. This method of calculation, 
however, yields only a minimum value, since no account is taken of the 
isotopic acetoacetate metabolized. A more accurate though still approxi- 
mate calculation can be made, the isotopic acetoacetate which disap- 
peared being considered, by using the equation derived below. 

We may consider the conversion of acetate to acetoacetate, and the con- 
current disappearance of the latter, as part of a series of consecutive reac- 
tions of the type 

Aa-~B- C 


where A and B are acetate and acetoacetate, respectively. 
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Let R; = the rate of formation of B from A, assumed to remain constant. 
R, = the rate of disappearance of B, assumed to remain constant and dif- 
ferent from R,. B* = the quantity of B derived from A, present in the 
total B at any time, ¢.2, Bo = the initial quantity of B. 

The quantity of B present at any time ¢ is a function of t, equal to By + 
(R, — R,)t. At any instant, the rate of formation of B* will be equal to 
R, and the rate of disappearance of B* will equal R,B*/[Bo + (Ri — R:)t]. 
The rate of change of B* will then be equal to its rate of formation minus its 
rate of disappearance. 


dB* R.B* 


—— = 2, — 
dt ' Bo + (Ri — Rt 





(1) 


Integration of Equation 1, considering that B* = 0 when ¢ = 0, yieldss 


Ri Re 


(2) B* = By + (R; — Rt — Bo*i—*2 [B, + (R, — R,)t) ®1-*2 

Since B* = i, [By + (Ri — R2)t)/i, where ig and i, are the isotope 
contents of B and A, respectively, we may substitute this value for B* in 
Equation 2, yielding 





; = 
” Eran e - se 
Solving Equation 3 for R; gives 
(Re — Ra) log "4 


(4) Ri = 





8) Bo 
© B+ (Ri — Rut 





] 


In Equation 4, all the values on the right side are experimentally deter- 
minable, except R, — R,, which is easily derived from the initial and final 
values of B. Since [Bo + (Ri — R:)t] is equal to the final value of B, 
R, — R, = —(R, — R2) = (Bo — B final)/t. It will be positive if B 
decreases and negative if B increases. 

Equation 4 thus allows the calculation of the rate of formation of an inter- 
mediate from an isotopically labeled precursor regardless of the degree of 
variation in the total quantity of the intermediate, provided its initial and 


? Since the B molecules formed from A will have the same isotope concentration as 
A, it follows that B*/B = ig,/i,. A numerical example will make this clear. If 
A contains 10 per cent excess isotope and 100 mm of B are isolated, having 5 per cent 
excess, the proportion of the total B derived from A will be 5/10 and B* = 5 X (100/10) 
= 50 mM. 

* We are indebted to Dr. G. A. Mills of the Houdry Laboratories for aid in the 
integration of this equation. 
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final values can be determined. It is not applicable, however, when R, 
and R, are nearly equal, as under these circumstances both numerator and 
denominator approach zero and the equation becomes indeterminate. If 
R, and R, are equal or nearly so, B may be assumed to have a constant 
value ; the same reasoning used in the derivation of Equation 4 then leads to 


tA 





2.303B log 


t4 — tp 





(5) R= Rk, = kh, = i 

When the data of the kidney slice experiment are applied to Equation 4, 
in which 7, = 3.90, 7s = 0.41, Bo = 0.297, B final = By + (R; — R2)t = 
0.211, Re — R, = 0.043, and t = 2, there is obtained a value for R, of 
0.0140 mm per hour, or 0.0280 mm of acetoacetate formed from acetate 
during the 2 hour incubation period. Thus, 0.056 mm of acetate, or 
(0.056 X 100)/0.0918 = 61 per cent of the total utilized was converted 
to ketone bodies. 

Of three experiments with kidney slices, the proportions of the total 
acetate utilized involved in ketone body formation were 36, 60, and 61 per 
cent, respectively; and of two experiments with kidney brei, 51 and 43 per 
cent of the total acetate had formed ketone bodies. 

It should be emphasized that any method of calculation based on experi- 
ments in systems of the types described are necessarily subject to great 
uncertainties ; therefore the figures obtained can only be considered as rough 
approximations. Probably the most serious uncertainty is in the extent 
to which added substrates reach equilibrium with intracellular components. 
Inasmuch as we obtained quantitatively similar results with slices, in which 
the cells are largely intact, and in pulps in which cellular organization was 
to a great extent disrupted, it would appear that cellular permeability was 
not an important’ factor in our results. The possibility remains, however, 
that other, as yet undisclosed, factors prevent attainment of complete 
equilibrium. Until such effects can be evaluated, we can only assume that 
the figures given represent a reliable measure of the order of magnitude of 
the conversion. The results of all the experiments together indicate that 
about one-half of the total acetate was metabolized without condensation 
to ketone bodies. 

That not all of the acetate utilized formed ketone bodies is indicated also 
by comparison of the C™ content of the respiratory CO, with that of the 
recovered acetoacetate. In Experiment 1, for example, the respiratory 
CO, had a C* excess of 0.88 per cent as compared with 0.41 atom per cent 
for the acetoacetate. In Experiment 3, the respective values are 0.60 and 
0.35 per cent. If all of the acetate were converted to ketone bodies, the 
C* content of the respiratory CO, would reflect the average C“ concentra- 
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tion of the acetoacetate during the course of the incubation, which would be 
about one-half of its final value. Inasmuch as the respiratory CO, had a 
C® excess of 3 to 4 times this value, the conclusion seems warranted that 
part of the acetate is metabolized in kidney by a pathway not involving 
ketone body formation. 

In the experiments with heart muscle, no evidence of the formation of 
ketone bodies was observed. With a precision of +0.02 per cent C® an 
excess of 0.04 per cent in the acetone would have been detectable, repre- 
senting an over-all C“ content of 0.06 atom per cent in the acetoacetate, 
By Equation 4, this would require the conversion of 0.006 mm of acetate 
or about 15 per cent of the quantity utilized in the experiment. Thus, if 
conversion to acetoacetate occurred, it must have been less than 15 per cent. 


DISCUSSION 


The observation that only part of the acetate utilized by kidney and 
none of that utilized by heart is converted to ketone bodies indicates that 
these substances are not obligatory intermediates of acetate oxidation. 
However, inasmuch as condensation to acetoacetate was found to bea 
major metabolic reaction of acetate in kidney, it appears that ketone body 
formation may occur more generally than was hitherto realized. To this 
extent existing concepts of ketosis, based on the principle that ketone 
body formation is a special mechanism of fat metabolism, occurring exclu- 
sively in liver (9, 10), require revision. 

Although the old concept of a coupling of fat and carbohydrate metabo- 
lism, exemplified in the familiar expression, “fats burn in the flame of carbo- 
hydrates” fell into disrepute in recent years (9-11), there now exists a body 
of circumstantial evidence indicating that the metabolism of fatty acids 
whether at the acetate or acetoacetate level, is coupled with a carbohydrate 
intermediate, which may be oxalacetate. 

This evidence may be summarized briefly as follows: (a) Various studies 
suggest that in the Krebs cycle formulated for carbohydrate oxidation the 
substance undergoing reaction with oxalacetate is not pyruvate, but an 
acetyl derivative formed by oxidative decarboxylation of pyruvate (11-13). 
(b) Other investigations indicate that acetate is oxidized via the Krebs 
cycle in yeast (14-16), and the recent report of Rittenberg and Bloch (17) 
suggests a similar mechanism in animal tissues. (c) The conclusion of 
Breusch (18) and Wieland and Rosenthal (19) that acetoacetate is metabo- 
lized by animal tissues via the Krebs cycle, though disputed by Krebs and 
Eggleston (20), was confirmed recently by the isotope tracer experiments 
of Buchanan et al. (21). 

The studies referred to above constitute a basis for the belief that acetate, 
pyruvate, and acetoacetate are metabolized by a common pathway in- 
volving as intermediates components of the Krebs cycle. It is therefore 
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conceivable that all three are convertible to a common intermediate which 
may be acetyl phosphate (13) or a ‘“‘ketene-like” substance, as suggested 
by Martius (13). The condensation of ‘‘active” acetate with oxalacetate 
and thence through the Krebs or a similar cycle thus provides a common 
pathway for the complete oxidation of fatty acids and carbohydrates, as 
well as certain amino acids, in so far as they can yield acetyl groups (5, 6). 
According to this postulation, the ketone bodies are considered to be a 
transport vehicle for acetyl groups, being formed in tissue lacking in oxal- 
acetate, and carried by the body fluids to others where they are reconverted 
to acetyl to enter into reaction with oxalacetate. Further details of the 
mechanism of fatty acid metabolism must await the identification of other 
intermediates of acetate metabolism in animal tissues. Such studies are 
now under way. 
SUMMARY 


With isotopic sodium acetate, it was shown that conversion to ketone 
bodies is a major metabolic reaction in rat kidney, about 50 per cent of the 
acetate utilized being thus converted. In rat heart muscle, acetate is 
oxidized without intermediary conversion to ketone bodies. 


Our thanks are due Dr. H. C. Urey for the isotopic carbon used in this 
study. 
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A STUDY OF THE EFFECT OF GROWTH SUBSTRATE ON 
THE RESPIRATION OF AZOTOBACTER* 


By JOHN O. HARRIS 


(From the Kansas Agricultural Experiment Station, Manhattan) 
(Received for publication, August 21, 1945) 


It is well known that the medium upon which bacteria are grown has a 
definite influence on the properties of the resulting cells. Several investi- 
gators (1-3) have reported that the physiological activities of species of 
Azotobacter may be altered by the growth medium. This investigation 
was undertaken to determine the response of Azotobacter cells to different 
organic compounds available for respiration. 

The problem was divided into two parts: (a) growing the organisms 
on different energy sources and studying their physiological activity to 
determine whether the substrate had any effect upon the enzymatic 
constitution of the cells, and (b) determining whether the Azotobacter cells 
could adapt themselves to the utilization of a substrate other than the 
compound serving as the energy source for the growth of the organisms. 


EXPERIMENTAL 


All cultures used in these studies were tentatively identified as strains 
of Azotobacter chroococcum Biej. Before a strain was used experimentally 
its growth characteristics were carefully studied, particular attention 
being given to the purity of the culture and the stability of its colony 
characteristics. Cell suspensions were prepared by growing the cultures 
in an aerated mineral salts medium containing the desired substrate, 
according to the procedure described by Harris and Gainey (4). When the 
organisms were grown in media containing the sodium salts of organic 
acids, the reaction of the medium tended to become alkaline but was 
maintained near the neutral point of brom-thymol blue by frequent addi- 
tions of the corresponding organic acids. 

Respiration studies were made with the Warburg type micro respiro- 
meter with the technique used by Burk and Lineweaver (5). 1 ml. of 
0.05 m solution of the specific organic substrate was dumped from the 
side arm into the flask at the beginning of the experiment. The flask 
contained from 300 to 500 million Azotobacter cells suspended in 0.03 m 


* The data herein reported were presented to the faculty of the Kansas State 
College of Agriculture and Applied Science as a thesis in partial fulfilment of the 
requirements for the degree of Doctor of Philosophy. Contribution No. 230, De- 
partment of Bacteriology. 
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12 RESPIRATION OF AZOTOBACTER 


phosphate solution (adjusted to pH 7.0) plus 0.0005 m calcium as CaCl, 
All respiration data herein reported were obtained at 30°. Duplicate or 
triplicate flasks were employed in all cases. Endogenous respiration was 
practically nil; hence the error that might result from oxygen uptake by 
the cells in the absence of added substrate was negligible. 

Methylene blue reduction tests for the presence of specific dehydro- 
genases followed the usual Thunberg technique as described by Quastel 
and Whetham (6). Visual judgment of complete disappearance of the 
blue color, used as the criterion, is subject to large error, but the differences 
in the rates of reduction were of such an order that there can be no doubt 
regarding their significance. 


TABLE I 
Summary of Respiration of Cultures Grown on Mannitol and Glucose 





| O: utilized during initial 30 min. in presence of 











Strain of Azotobacter | Cultures grown on 

| | Glucose Mannitol 

comm. c.mm. 
10b Mannitol 16 74 
10b 19 125 
10b 17 119 
44 18 70 
60 | 21 89 
60 13 76 
10b Glucose 52 9 
10b 58 10 
44 53 10 
60 | 79 6 
60 116 3 
60 74 11 
60 | 


130 8 





Effect of Growth Substrates wpon Respiratory Activity—The organic 
compound serving as the energy source for Azotobacter during the growth 
of the cells will be referred to as the growth substrate. The compounds 
upon which the physiological activities of the cells were measured in the 
respirometer and Thunberg experiments will be spoken of as the respiration 
substrate. Since mannitol and glucose have been extensively used for 
the growth of this organism, and since Nilsson (1) has indicated that the 
dehydrogenase activity of Azotobacter differs in cells grown on these two 
compounds, respiration studies were carried out with three different 
strains of the organism grown on glucose or on mannitol. The initial 
rates of oxygen uptake in the presence of these compounds during the 
first 30 minutes of the respiration experiments are given in Table I. No 
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particular effort was taken to insure the same number of cells in the differ- 
ent cell suspensions; therefore the absolute rates of oxygen uptake for 
the different suspensions cannot be compared directly. Without exception 
far greater respiratory activity was observed when the cells were oxidizing 
the compound used as the growth substrate. For the cells grown on 
mannitol the respiration rate upon glucose was only 13 to 25 per cent. of 
the rate on mannitol. Similarly the cells grown on glucose utilized only 
3 to 19 per cent as much oxygen in mannitol solution as when in the presence 
of glucose. 

In order to study further the effect of the growth substrate upon res- 
piration, cultures were grown on media containing gluconate, succinate, 
lactate, acetate, mannitol, glucose, and ethyl alcohol as the energy source. 


TaABLeE II 


Time Required for Reduction of Methylene Blue in Presence of Different Respiratory 
Substrates by Cells Grown on Various Growth Substrates (Culture 60) 








Time required for reduction of methylene blue in presence of 
Cells grown on ee el 




















| Mannitol | Glucose _| Gluconate | Succinate | Lactate ‘| A Acetate | Alcohol Pyruvate 

aie. | “ale. min. | min. | min. | ike. min. min. 
Mannitol... .. 9 90 150 190 | 2 | 60 | 210 50 
Glucose. ..... 90 10 4 90 4 | 10 | 6&—0 13 
Gluconate.....| 240 90 7 20 | 50 | 60 150 50 
Succinate..... 240 150 240 25 35 240 60 60 
Lactate... .. 240 240 240 240 | 5 | @ 120 20 
Acetate... ... 360 360 360 360 =| 120: s—=>| 50 180 50 
Alcohol... 360 = =|—s 3360 360 360 360 360 25 120 


! 


The values in bold- fas ed eype represent homologous sahetrates. 


The physiological activity of the washed cells was studied by both the 
respirometer and the methylene blue reduction techniques. In Table II 
are recorded the times required for the reduction of methylene blue by 
cells of Culture 60 grown and tested in the presence of the various com- 
pounds indicated. Since the suspensions from the different growth sub- 
strates varied in the concentration of cells, comparisons should be restricted 
to horizontal lines. The differences in the dehydrogenase activities of 
cells from the seven growth substrates are quite marked. With the ex- 
ception of cells grown on glucose, the most rapid reduction occurred when 
the hydrogen donor was the same as the growth substrate. Considerable 
activity, however, was shown in the presence of lactate and acetate, 
regardless of the growth substrate. Succinate salts did not serve well as 
hydrogen donors except when the cells were grown on succinate. 

The comparative respiration rates of these same cells are given in Table 
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III. The oxygen uptake in the presence of the growth substrate has been 
taken as 100 per cent. In all instances, except glucose, the respiration 
was greater in the presence of the growth or homologous substrate than 
in the presence of any of the other compounds tested. Again lactate 
and acetate were readily oxidized by cells grown on heterologous sub- 
strates. Curves showing the rate of oxygen utilization by four of these 
cell suspensions during a 2 hour period are given in Figs. 1 to 4. These 
graphs show that the compound which served as the growth substrate 
of the cells has a marked influence on the ability of the organisms to carry 
on respiration in the presence of various respiration substrates. 


Taste IIT 


Comparative Rates of Orygen Uptake by Azotobacter Cells First 30 Minutes in Presence 
of Various Respiratory Substrates 


O; consumed in presence of homologous substrate taken as 100. 





Relative rate of O» uptake in presence of 0.05 





Cells grown on 

















Mannitol | Glucose | Gluconate Succinate | Lactate | Acetate | Alcohol | Pyruvate 
Mannitol......| 100 17 9 13 | 6s | 99 3 | 587 
Glucose. ..... 3 100 131 | 13 | 136 | 80 10 | 83 
Gluconate.....| 1 32 | 10 | 10 | 56 | 69 | 16 | 63 
Succinate 0 o | oj} 10 | 2 | Oo | 10 | 16 
Lactate. 1 1/ 3] 19 | 100 | 6 | 10] @ 
Acetate 1 3/1 9 27 | «100 | 9 | 47 

wr. 5 6 56 | 100 | 31 


Alcohol . aol 13 14 








The values in bold-faced type re present homologous substrates. 


Thus, both the measurement of oxygen uptake and the ability of the 
Azotobacter cells to reduce methylene blue in the presence of different 
substrates have shown that the physiological activity depends to a con- 
siderable extent upon the compound serving as energy source during the 
growth of the cells. 

In all cases throughout the experiments the Azotobacter cells brought 
about a rapid utilization of the compound which served as the growth 
substrate. The uniformly high rate of oxygen uptake is shown by the 
steep slope and almost straight line of the respiration curve. As has 
already been noted, certain other compounds were sometimes readily 
used. This is particularly true in the case of cells grown on glucose which 
utilized gluconate, lactate, and acetate equally as rapidly as they did 
glucose (Table III). The ability of the cell to begin oxidizing these 
compounds immediately might indicate that they are intermediates in 
the dissimilation of the growth substrate. 
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While cells in the presence of the growth substrate, and certain other 
compounds, showed initially high rates of O, uptake and gave essentially 
straight line respiration curves, a distinct lag was evident in the respiration 
curves of cells in the presence of most of the heterologous substrates 
studied. For example, when the cells were grown on lactate, very little 
oxygen was utilized in the presence of mannitol, succinate, glucose, or 
gluconate during the first 30 minutes of the experiment (Table III and 
Fig. 1). In many instances, however, respiration in the presence of 
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ACETATE 
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QO 300) 
UPTAKB 
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0 30 60 90 120 


TIME IN MINUIES 


Fic. 1. Respiration of cells grown on lactate 


heterologous substrates increased so rapidly that during the third or the 
fourth 30 minute period the rate of O. uptake approximated that in the 
presence of the homologous compound. This suggests that Azotobacter 
cells may readily adjust their metabolic mechanism to the utilization of 
new respiration substrates. In order to show this adaptation or increase 
in the rate of utilization of new respiration compounds, the comparative 
rates of respiration during the last 30 minutes of the experiment are shown 
in Table IV. Comparison of these values with those in Table III will 
reveal the degree of adaptation. Whereas large differences were apparent 
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between the rate of oxygen uptake on the growth substrate and most 
other compounds during the initial 30 minutes, these differences became 
much less, in most instances, when comparisons were made during the 
final half hour of the 2 hour experimental period. It should be emphasized 
that no increase in the number of Azotobacter cells nor any measurable 
increase in size of the cells occurred during any of these short time experi- 


600 





i ACETATE 
500 | 
400 | 
ALCOHOL 
Om S00} 
UPTAKE LACTATE 
IN SUCCINATE 
CMM. 200 / 
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/ ile ae ; MANNITOL 
— — 
) 30 ~ 60 90 120 


TIME IN MINUTES 
Fig. 2. Respiration of cells grown on acetate 


ments, as determined by actual cell counts and microscopic examinations 
before and after the experiment. 

The rate of increase or recovery from the initial lag in respiration varied 
with the different substrates and with the cells grown on the various 
energy sources. The ease with which the cells adapted themselves to a 
new substrate appears to bear some relation to the complexity of molecules 
of the new substrate as compared with the growth compound. Cells 
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grown on glucose or on mannitol were able to adapt themselves to the 
utilization of succinate and alcohol quite rapidly. However, when the 
cells were grown on compounds of lower molecular weight, adaptation to 
mannitol or glucose did not take place so readily. Cells grown on succinate 
gave no oxygen uptake on glucose, mannitol, gluconate, or acetate even 
after 2 hours in the presence of these compounds. An extended period 
of observation probably would have shown utilization of these compounds, 
since cells from the succinate suspension grew readily when streaked on 
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0 350 120 
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TIME IN MINUIES 
Fic. 3. Respiration of cells grown on ethyl alcohol 


mannitol agar plates. Cells grown on all other substrates exhibited more 
or less adaptation for utilization of the various compounds studied. The 
data suggest a rapid alteration in the enzymatic systems to make possible 
oxidation of the new respiration substrate. 

In order to determine whether this adaptation was related to the dehydro- 
genase activity (as measured by the rate of methylene blue reduction), 
cells grown on one substrate were aerated for a short time in the medium 
containing a different substrate. No increase in cell numbers occurred 
during this period. The cells were then thoroughly washed and respiration 
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studies carried out in the presence of each of the original compounds. In 
all instances the hydrogen donors, originally only slightly utilized, were i 
readily activated by such aerated cells. Results from two such experi- ’ 
ments are presented in Table V. In the first experiment, cells grown on ( 
glucose required 90 minutes to reduce methylene blue in the presence of ( 
ethyl aleohol and only 4 minutes after having been aerated in the presence 
of aleohol. The possibility of any appreciable amount of the original or 
intermediate metabolites being retained with the aerated cells was checked 
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; Fria. 4. Respiration of cells grown on gluconate 








by the use of controls containing only cells, dye, and buffer. Measure- 
ments of oxygen uptake of the same cells employed in the above experi- 
ments gave similar results. 

These data also show that when Azotobacter cells alter their metabolism 
to make use of a new substrate they do not immediately lose the power 
of activating the original growth substance. This might indicate the 
presence of two substrate-activating mechanisms. In the few experi- 
ments performed, however, the oxygen uptake by such cells in the pres- 
ence of mixtures of the two substrates was found to be no greater than in 
comparable concentrations of either compound alone. 
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Limited studies of factors influencing the ability of Azotobacter to adjust 
its respiratory system to new substrates indicate that certain conditions 
which prevent growth also prevent adaptation. Increased hydrogen ion 
concentration, anaerobiosis, deficiency of calcium, and the presence of 
eyanide or of dinitrophenol all tended to inhibit adaptation without greatly 
affecting the original dehydrogenase activity. 














TaBLe IV 
Comparative Rates of Orygen Uptake during Final 30 Minutes of 2 Hour Respiration 
Experiments 
Rate of respiration in presence of 0.05 u 
Cells grown on _ 

Mannitol | Glucose | Gluconate | Succinate Lactate Alcohol Pyruvate 
Mannitol....... 100 | 105 | 129 | 83 117 136 =| s«181 
Glucose........ 51 | 100 | 102 | 78 87 72 | 91 
Gluconate...... 34 8 | 100 63 85 82 | 88 
Succinate...... 10 0 0 | 100 98 6 | 6 
Lactate........ 45 60 72 | 101 100 7 0=~«~):CisédW 
Acetate........ 16 43 46 55 63 7% «6 «(107 
Aleohol........ 39 38 35 | 45 1 100 0ts«COSi 

















The values in bold-faced type represent homologous substrates. 
See the note above Table III. 

















TaBLe V 
Adaptation As Shown by Methylene Blue Reduction Tests 
Time required for reduction of 
methgiens Ghee in pensenes of 
Experiment No. 
Glucose | Mannitol) Phy}, | Cells 
min. min. min. min. 
I. Cells grown on glucose | No treatment 12 | 90 +180 
Aerated 4 hrs. in alco- 12 L ot +150 
hol medium 
| | 
II. “  “ mannitol] No treatment 150 | 7 | +300 
| Aerated 2 hrs. in glu- | 25 10 | | +300 
| cose medium 











SUMMARY 


The organic compound serving as the growth substrate for Azotobacter 
has marked influence on the subsequent respiratory activities of the re- 
sulting cells, as measured by oxygen uptake and reduction of methylene 
blue in the presence of a number of common respiratory substrates. When 
placed under favorable conditions, Azotobacter cells are capable of adapting 
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their respiratory system to the utilization of new compounds in relatively 
short periods of time, usually less than 2 hours. 
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Studies have been made on the effect of various ions on the activity of 
the alkaline phosphatases extracted from tissues. The cyanide ion may 
activate, inhibit, or be without effect on alkaline phosphatase activity, 
depending on the particular enzyme and the tissue from which it was 
extracted (1-5). It has been reported that the increase in serum phos- 
phatase activity in dogs with hepatic damage may be inhibited by adding 
sodium cyanide to the phosphatase substrate (6). In the present paper 
further observations have been made on the effect of cyanide, fluoride, 
and magnesium on the serum phosphatase activity of patients with hepatic 


damage. 


Methods 


Inorganic serum phosphate and alkaline serum phosphatase were deter- 
mined according to the method of Bodansky, 8-glycerophosphate being 
used as substrate (7). A Klett-Summerson photoelectric colorimeter 
was used to determine the phosphate ion. The substrate was also pre- 
pared with the following concentration of salts: MgSO, 0.01 m, NaF 
0.01 m, NaCN 0.0001 to 0.1 m. A concentrated solution of the appro- 
priate salt was made in the substrate-buffer mixture, the pH adjusted 
to 9.2, and then diluted with further substrate to the desired molarity. 
The venous blood samples of the normal subjects and patients with liver 
disease were taken during the morning, but not under fasting conditions, 
since a smal] amount of food does not significantly alter the phosphatase 
level. 


Results 


The effect of cyanide on the serum phosphatase activity of normal 
subjects was tested first. Concentrations of NaCN from 0.0001 to 0.1 m 
had only a slight effect on the phosphatase activity of these individuals 
(Table I), the average reduction with 0.01 mM NaCN being 1.4 units. Tests 


* This study was aided by a grant from the Fluid Research Fund of Yale University 
School of Medicine. 
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were then made on patients with known hepatic damage in whom the 
phosphatase activity ranged from 4.25 to 23.69 units per 100 ce. of serum. 
When the initial phosphatase value was above normal, increasing the 
molarity of the NaCN produced a marked decrease in the phosphatase 
value (Table I). The average reduction of activity with 0.01 m NaCN 
was 9.7 units. The average reduction in the number of phosphatase 


TaBLe I 
Effect of Various Concentrations of NaCN on Serum Phosphatase Activity 





NaCN added to phosphatase substrate 


















































Inor- 
Name phos None | 0.0001 «| 0.001 |0.002s u| 0.005 x |0.0075 u| 0.01 » | 0.05 «| 0.1 
ern Phosphatase units per 100 cc. serum 
Normal subjects 
| mg. per | | | 
| 100 cc. | | 
D.R. | 2.99 | 3.25/ 3.49 2.84 | 2.57 | 2.33 | 2.77 | 2.40 
L.M. | 3.74 | 5.36| 5.34] 5.20 | 3.26 | 2.21 | 1.98 | 2.15 | 2.12 
L. P. | 2.90 | 3.19} 2.94 2.11 | 3.06 | 2.87 | 3.06 
F.P. | 2.93 | 3.10| 3.36 | 2.98 | 2.34 | | 1.66 | 1.52 | 1.52 
V.D. | 1.75 | 3.43| 3.36] 3.34 | 3.52 3.18 | 2.61 | 2.61 | 2.98 
W.W. | 3.02 | 2.18 | 2.33] 2.03 | 1.83 | 2.03 | 1.75 | 1.84 | 1.78 | 2.23 
Patients with hepatic damage 

F. 2.71 | 4.25| 3.94] 3.82| 1.84 | 2.26 | 1.35 | 2.19 | 2.12 | 2.54 
E. D. 1.22 | 7.88| 8.52 5.00 | 2.52 | 2.77 | 2.90 
McC. 2.77 | 8.51} 8.22| 6.39 | 4.76 3.35 | 2.36 | 2.64 | 2.43 | 3.00 
S. M. 2.12 | 9.38 | 9.88/ 2.58 1.18 | 2.46 | 2.39 | 1.93 | 2.09 
K. 2.74 | 10.36 9.14 3.72 | 3.65 | 3.37 | 3.79 
Cc. 2.95 | 10.52 3.79 | 3.34 | 1.56 | 2.33 | 2.84 | 3.35 
C.K. 1.52 | 10.77 | 10.58 6.86 | | 3.44 | 2.32 | 2.56 | 1.84 
M. K. 3.80 | 14.39 | 15.50 | 12.20 | 7.21 | 4.03 | 4.55 | 4.34 | 4.96 | 4.96 
DeN. | 1.94 | 16.47 8.80 3.36 | 2.70 | 2.19 | 2.28 
A.J. | 2.21 | 16.53 | 15.77 | 7.03 | 5.62 | 4.77 | 4.24 | 3.15 | 3.02 
DeN. | 2.34 | 20. ~ 19.90 | 11.72 | 6.84 4.93 | 4.46 | 4.92 | 4.52 
A.J. | 2.52 | 23.6 10.12 4.64 | 3.92 | 2.75 | 2.26 | 3.38 

















| 





units varied with the initial serum level, and was greater when the original 
level was higher. Further, the NaCN inhibited the phosphatase activity 
to values that are essentially normal. As the concentration of the NaCN 
was increased, the phosphatase activity was reduced to normal values, 
but did not go below normal even when concentrations of 0.0075 m or higher 
were employed. Maximum inhibition was obtained between 0.0025 and 
0.0075 m NaCN in most cases. Inasmuch as this activity is inhibited by 
NaCN, it would seem that the increased serum phosphatase activity in 
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these patients with hepatic disease is chiefly due to an alkaline phosphatase 
that is sensitive to NaCN. 

In the normal subjects MgSO, (0.01 m) had a slight activating effect 
on serum phosphatase activity. NaF was without any significant effect. 
The inhibition produced by 0.01 m NaCN was also observed in the presence 
of Mg (Table II). In the patients with hepatic damage Mg also had a 
slight activating effect on phosphatase activity, although in two cases 
inhibition was observed. No constant effect of NaF was observed in 
these patients, but in general a slight inhibition was produced. The 


Tase II 
Effect of Cyanide, Magnesium, and Fluoride Ions on Serum Phosphatase Activity 





Additions to phosphatase substrate 





























Name | None | 0.01uMg | 0.01 « NaCN | o ote Mg. | 0.01 uF | 066 e Be 
Phosphatase units per 100 cc. serum 
Normal subjects 
D.R. 3.25 4.22 2.33 2.40 3.85 | 4.00 
L. M. 5.36 7.51 1.98 2.02 4.00 | 3.70 
L. P. 3.19 4.49 . See * Sea fs | 4.21 
F. P. 3.10 5.14 2.66 2.72 2.53 | 4.72 
V.D. 3.43 5.17 2.61 | 84 3.06 | 3.98 
W. W. 2.18 3.19 1.84 | 1.79 2.26 | 3.31 
Patients with hepatic damage 
A.J. 23.69 15.62 | 2.75 | 4.16 21.67 | 27.22 
K. 10.36 | 11.37 3.65 | 4.14 9.65 10.66 
DeN. | 16.47 20.25 | 2.70 3.50 19.08 19.21 
M.K. | 14.36 | 15.69 | 4.34 | 4.29 14.76 | 15.87 
DeN. | 20.37 | 23.21 4.46 | 3.33 16.25 22.27 
A.J. | 16.53 | 17.00 | 4.2% | 3.98 15.77 15.96 
c.K. | 10.77 | 9.80 | 292 | 2.19 10.20 10.20 
E.D. | 7.88 9.72 | 2.52 | 2.69 7.47 8.95 








characteristic inhibition of 0.01 m NaCN was again observed in the pres- 
ence of Mg (Table II). Magnesium plus fluoride did not produce any 
noteworthy response. 

It seemed possible that when serum was added to the substrate con- 
taining NaCN some of the substrate might be hydrolyzed before sufficient 
time had elapsed for complete inhibition of the phosphatase. In order 
to test this possibility serum was incubated with NaCN before the sub- 
strate was added. A 0.1m NaCN solution was adjusted to pH 9.2 without 
buffer or substrate. This solution was diluted with distilled water to 
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the desired molarity. 0.5 ec. of the NaCN was incubated with 0.5 ee, 
of serum for 10 minutes at 37°, the final molarity of the NaCN being 
indicated in Table III. After 10 minutes of incubation 4.5 cc. of buffered 
substrate, containing the same concentration of NaCN, were added and 
hydrolysis carried out for 1 hour. The inhibition observed in control 
subjects is not significantly different from the standard procedure in Table 


TaB_e III 


Alkaline Serum Phosphatase after Preincubation with NaCN 








Concentration of NaCN added 





























Name a, None | 0.0001 0.001 | 0.005% | 001m | 0.05 m 
Phosphatase units after preincubation for 10 min. 
Normal subjects 
img. per 100 cc.) | 
T. L. 2.87 | 2.49 1.43 1.02 | 0.68 0.83 0.43 
MacC. 3.87 2.03 1.73 1.48 | 1.58 1.58 1.61 
M.M. | 1.60 | 3.20 3.00 | 1.20 | 0.90 1.25 1.45 
V.D. 2.90 | 2.60 | 2.45 | 2.05 | 1.85 1.95 1.70 
N.H. 2.87 | & wae 1.33 0.63 0.78 0.53 0.43 
Patients with hepatic damage 

E:?P 1.85 3.65 4.00 2.25 3.30 2.70 2.65 
J.M 1.25 4.65 5.20 2.75 1.45 1.70 1.80 

= 2.50 5.25 5.50 5.45 2.20 1.55 1.80 
H.S. 3.25 6.40 5.75 | 3.10 1.60 0.90 1.10 
H. B. 3.45 | 6.45 6.55 | 6.05 5.30 1.55 1.25 
1 2.37 | 6.88 7.38 | 8.63 6.38 2.38 3.03 
A.M. 3.62 | 7.23 < eae 5.01 2.23 
S. 3.83 | 8.28 | 8.23 | 9.13 8.27 2.13 1.43 
G.F. | 4.00 8.30 8.50 | 8.75 5.00 1.50 1.25 
S.M. 2.25 | 8.75 | 8.95 | 2.50 | 2.80 3.00 | 1.05 
A. J. 2.87 | 13.93 | 12.33 7.03 3.03 2.78 2.03 
J.M. 1.72 14.03 | 16.53 15.78 11.28 4.43 4.03 





I, and the findings by this technique (Table III) confirmed the conclusions 
drawn from Table I. 


DISCUSSION 


In patients with hepatic damage and serum phosphatase values above 
normal, the addition of NaCN to the substrate inhibited phosphatase 
activity to essentially normal values. The increase in serum phosphatase 
during hepatic damage cannot be due to a hexosediphosphatase, as this 
enzyme will not act on §-glycerophosphate, and, further, it is activated 
by cyanide (5). Cloetens (4) has prepared extracts of liver tissue which 
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he fractionated into alkaline phosphatases I and IT. Alkaline phosphatase 
I was not inhibited by 0.01 m KCN but its activity was reduced by 0.01 
m KF. Alkaline phosphatase II was unaffected by 0.01 m KF but was 
completely inhibited by 0.01 m KCN. In the present study the effect 
obtained with NaCN and NaF on the serum phosphatase activity would 
suggest that the elevation of phosphatase in serum from patients with 
hepatic damage may be due to an enzyme corresponding to Cloetens’ 
alkaline phosphatase II. The same results were obtained in dogs with 
liver damage (6). 

The effect of NaCN does not depend on the initial concentration of 
phosphatase in the serum. The same effect of increasing concentrations 
of NaCN was obtained when the initial values of phosphatase ranged from 
slightly above normal to as high as 23.69 units per 100 cc. of serum. This 
was further checked by diluting some of the sera with saline before incu- 
bating with NaCN. When this was done, the relative amount of inhibition 
was the same as in the undiluted serum. The results were also independent 
of the type of liver damage. Provided the initial concentration of serum 
phosphatase was above normal, NaCN produced the same characteristic 
effect. 

SUMMARY 


A concentration of 0.01 m MgSO, had a slight stimulating effect on the 
alkaline phosphatase activity of serum from normal subjects and from 
patients with hepatic damage. Sodium fluoride (0.01 m) was without 
any marked or consistent effect. 

Concentrations of NaCN from 0.0001 to 0.1 m had a smail inhibitory 
effect, averaging 1.4 units, on the serum phosphatase activity of normal 
individuals. In patients with high serum phosphatase values due to 
liver damage the addition of NaCN to the substrate inhibited the increased 
phosphatase activity, returning the values to normal levels. With in- 
creasing concentrations of NaCN the serum phosphatase activity decreased 
to normal values, but the values did not go below normal. It is suggested 
that the increase in alkaline serum phosphatase observed during liver 
damage is due to a phosphatase or phosphatases that are sensitive to NaCN 
even in the presence of magnesium. 
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ANALYTICAL DETERMINATION AND SOME PROPERTIES OF 
SEVERAL THYROID-INHIBITING COMPOUNDS AND 
OF SUBSTANCES RELATED TO THEM 


By HALVOR N. CHRISTENSEN 
(From The Mary Imogene Bassett Hospital, Cooperstown, New York) 


(Received for publication, October 10, 1945) 


Of the large number of substances studied by Astwood (1) and by Ast- 
wood, Bissell, and Hughes’ with regard to their inhibitory effects upon the 
thyroid gland, a number were found to be more effective than was 2-thio- 
uracil' in rats. Most of these are substituted 2-thiouracils (2), the sub- 
stituent being a hydrocarbon group in either the 5 or 6 position, or in both, 
substitution in the 6 position yielding the more active compounds. On 
the other hand if the substituent in the 6 position was an amino or a car- 
boxyl group, the activity of thiouracil was lost. Also among the highly 
active compounds were the dissimilar structures, 5 ,5-diethyl-2-thiobarbi- 
turic acid, 2-mercapto-5-amino-1 ,3 ,4-thiadiazole, and 2-mercaptoimidazole. 

This communication reports the results of the application of analytical 
procedures to a number of active sulfur compounds and related inactive 
substances, and a study of the ultrafiltrability of these compounds when 
added to serum, by techniques previously applied to thiouracil (3). 


EXPERIMENTAL 


The compounds studied were crystalline preparations, in most cases sup- 
plied through the kindness of Dr. E. B. Astwood. Thiourea and thio- 
barbituric acid were products of the Eastman Kodak Company. N-Acetyl- 
and N ,N’-diacetylthiourea were prepared according to Werner (4). All 
of these substances were used in the form of freshly prepared solutions 
containing 1 mg. per ml., prepared by the addition of an equivalent or less 
of alkali except in the case of the acyclic compounds and of dihydrothio- 
uracil and 2-mercaptoimidazole, which dissolved readily in water without 
alkali addition. 

Study of Analytical Procedures for These Compounds— The 6-substituted 
2-thiouracils could be determined in serum ultrafiltrates or in cerebrospinal 
fluid by the application of a modified Grote’s reagent, as described for 
2-thiouracil (3). Study of the absorption spectra of 2-thiouracil, 6-n- 
propyl-2-thiouracil, and 6-benzyl-2-thiouracil indicated that the colorants 
were very similar although not identical. The relative depths of color 
produced as measured by the Coleman universal spectrophotometer at 


‘ Astwood, E. B., Bissell, A., and Hughes, A. M., unpublished results. 
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660 my are shown in Table I. These relationships were modified when the 
observations were made at a greater wave-length. When the substituting 
group was a hydrocarbon group containing up to 3 carbon atoms, or a car- 
boxyl group, these compounds could be recovered from serum (Table I) by 
the use of p-toluenesulfonic acid as the deproteinizing agent, as previously 
described (3).2. With larger hydrocarbon groups recoveries were incom- 
plete, being less than 50 per cent for 6-phenethylthiouracil. The failure to 


TaBLe [| 


Recovery of Derivatives Added to Serum, with Subsequent Deproteinization by 
p-Toluenesulfonic Acid 





'Relative optical | 
density per 








Compound mole; 2-thio- | concentration | serum 
at 660 me | 
mg. per cent per cent 

6-Methyl-2-thiouracil............... 88 5.0 98, 91 
6-Ethyl-2-thiouracil............ kG 113 5.0 | 93, 99, 88 
6-Propy!-2-thiouracil.................. il 109 5.0 | 100, 92 

1.0 | 93, 87 
6-Hexyl-2-thiouracil............. eee ee 5.0 55, 64 
6-Benzy]l-2-thiouracil....... 117 5.0 | 69, 67, 76, 

| §&2 

6-Phenethy]l-2-thiouracil...... HOA wa a 5.0 | 45, 40 
6-Carboxy-2-thiouracil..................... cr @ 5.0 | 95, 98 
6-Amino-2-thiouracil................. 109 4.4 | 64, 68 
Dihydro-2-thiouracil....................... 2-60* 5.0 | 101, 100 
SS EI ae atl decal . 5.0 102, 97, 98 
2-Thiobarbituric acid SS, Sr SE od 28* 2.0 95, 104 
5,5-Diethyl-2-thiobarbituric acid... . ° 5.0 95, 107, 100 

4.0 92, 98 
2-Mercapto-5-amino-1,3,4-thiadiazole...... 126*t 5.0 90, 75, 60 
2-Mercaptoimidazole....................... 48* 4.0 91, 94 








*Colors not comparable. 
¢t Compared at 700 mu. 


recover these compounds was not a result of their solubility being exceeded 
during deproteinization. 6-Aminothiouracil also was not well recovered 
from serum. 


* As deproteinizing agent a combination of hydrochloric acid and trichloroacetic 
acid has been used in place of p-toluenesulfonic acid. To 2 ml. of serum are added 
3 ml. of n hydrochloric acid and then 5 ml. of 5 per cent trichloroacetic acid. Fil- 
trates obtained by this procedure have not shown turbidity upon neutralization; 
hence the use of chloramine-T (3) is omitted. Recoveries by this procedure were 
satisfactory for the substances tested, thiouracil, 6-propylthiouracil, and 5,5-di- 
ethylthiobarbituric acid. (Unpublished results, Christensen and Paul Fenimore 
Cooper, Jr.) 
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Dihydro-2-thiouracil showed an unusual behavior with the color reagent. 
Freshly prepared solutions in water gave a color having an optical density 
at 660 my of only about 2 per cent of that obtained with the same amount 
of thiouracil. Samples held for some hours at various pH values showed 
upon subsequent treatment with modified Grote’s reagent at pH 8 a depth 
of color which was related to the pH of the fore period. The greatest color, 
obtained after storage in 0.1 N sodium hydroxide, was about 60 per cent of 
that obtained with 2-thiouracil. Analyses could be obtained for dihydro- 
thiouracil by holding standards and unknowns at the same pH (8.0) for 
24 hours at room temperature before addition of the color reagent. The 
transmittance was read at 610 mu. 

The color given by 4-thiouracil with Grote’s reagent differed according 
to whether or not the Grote’s reagent was incubated with glycine before 
use. In the former case a dark brown color was observed with high 
absorption at wave-lengths of about 500 and 700 my, whereas in the latter 
case a green color similar to that of 2-thiouracil was obtained. The follow- 
ing analytical procedure was adopted. To 5 volumes of a solution con- 
taining 4-thiouracil were added 1 volume of a 0.5 m phosphate buffer which 
upon 1:6 dilution had a pH of 7.2, and 1 volume of a 1:5 dilution of Grote’s 
reagent which had been left at room temperature 30 minutes before use. 
The dilute Grote’s reagent lost much of its color at room temperature, but 
not as much as when incubated with a glycine solution. Transmittances 
were read at 700 my. Dihydrothiouracil and 4-thiouracil were not lost 
during deproteinization of serum with p-toluenesulfonic acid. 

2-Thiobarbituric acid gave a blue-green color with Grote’s reagent, al- 
though much less color than the 2-thiouracil derivatives. 5,5-Diethyl- 
thiobarbituric acid, on the other hand, gave a brown color with a maximum 
absorption slightly below 500 mu. The depth of this color was sensitive 
to small pH differences, the absorption being greater at lower pH. When 
developed at pH 5 to 6, a deep salmon color was obtained, which appeared 
and faded rapidly. The analytical procedure adopted was the same as 
for 4-thiouracil except for three points: as diluent for Grote’s reagent, 0.1 m 
glycine was used instead of water, the diluted Grote’s reagent was incu- 
bated at 38° instead of at room temperature, and the transmittance was 
determined at 500 mu. This modified procedure also gave good results 
with 2-thiouracil and its derivatives. Pentothal gave a blue-green color 
of low intensity. Both thiobarbituric acid and its diethyl derivative were 
recovered readily from serum after deproteinization by p-toluenesulfonic 
acid. 

2-Mercapto-5-amino-1 ,3,4-thiadiazole could be determined by the 
procedure described for 2-thiouracil, although the absorption spectra of the 
pigments were different. The transmittance was read in this case at 700 
mu. Recoveries from serum were not complete for this agent (Table I). 
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2-Mercaptoimidazole also was readily determined by use of the modified 
Grote’s reagent, and was not lost during deproteinization of serum by 


Ultrafiltrability of Derivatives in Serum 








| 





6-Methyl-2-thiouracil.............. 
6-Ethy]l-2-thiouracil.... 
6-n-Propyl-2-thiouracil .............| 
6-n-Hexy]-2-thiouracilf............ 
6-Benzyl-2-thiouracil.............. 
6-Phenethy]-2-thiouracil 
6-Carboxy-2-thiouracil............ 


6-Amino-2-thiouracilf.............. 
Dihydro-2-thiouracil 


4-Thiouracil Bene pat emeipas 
2-Thiobarbiturie acid.............. 
5,5-Diethyl-2-thiobarbituric acid.. | 
2-Mercapto-5-amino-1,3, 4-thiadia - 


zolef..... Mc = pyle MLS PN oa BA 
2-Mercaptoimidazole. . 


TaBLe II 
Thyroid | 
effect found | | 
by Astwood! Source of | 
et al.;* serum 
| — 
| : 
1.0 | Pooled | 
H.N.C.! 
7 i ac | 
ll Pooled 
0.2 H.N.C.,/ 
10 Pooled 
| H.N.C. 
2 | o 
Pooled 
0.00 - 
| H.N.C. 
0.00 | + | 
0.1 | Pooled 
| H.N.C.! 
0.03 | - 
Pooled 
0.00 “6 
H.N.C. 
2.0 Pooled | 
1.6 H.N.C. 
9 sé | 





Concen- 
tration 


mg. per 100 | 
gm. H:0 


5.30 
2.55 
5.35 
3.05 
5 
26 
67 
.25 
5 
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* Effect upon the weight and iodine content of the thyroid glands of rats. Ast- 
wood, E. B., Bissell, A., and Hughes, A. M., unpublished results. 
+ Experiments with similar results are not recorded. 
t Dihydrothiouracil freshly dissolved. 
§ Dihydrothiouracil held at pH 12.5 for preceding 24 hours. 


p-toluenesulfonic acid. A comparison of a portion of its absorption 
trum with that of 2-thiouracil is shown in Fig. 1. 


v2] 


pec- 





eo — re) OL eShCOUrF }. 








H. N. CHRISTENSEN 31 


By the procedures described above these substances showed satisfactory 
relationships between concentration and optical density. However, stand- 
ards were run in each case simultaneously to establish the relationship. 

Ultrafiltrability of These Compounds in Human Serum—Ultrafiltration 
was carried out as described earlier (3) at room temperature, which varied 
from 22-27°. In each case a sample of serum containing a similar concen- 
tration of the test substance was kept in a tonometer over mercury to 
simulate the conditions of the ultrafiltration. Recoveries from these 
samples were either complete or similar to recoveries with freshly mixed 
serum and sulfur compound. The serum used in these experiments was 
either a pooled specimen from three or more individuals, or a sample from 
the same normal donor. The results are recorded in Tables IT and ITI. 











TaBLe III 
Analysis of Serial Samples during Ultrafiltration of Serum Containing 
Dihydrothiouracil 
wes en | Original | | Concentra- 
eNO | dibydrothiouracl eee 
meg. per 100 mg. per 100 
| gm. water | | gm. water 
I Dissolved in water | Ist 6 hrs. 5.35 7.57 | 3.3 
just before use 
Subsequent 12 hrs. 2.2 
II 24 hrs. at pH 12-13 | Ist 6 hrs. 5.33 | 7.35 3.2 
Subsequent 12 hrs. | | 3.3 
Ill 24 “* “ “« 12-13 | Ist 6 hrs. | §.35 | 7.55 2.0 
Subsequent 12 hrs. | ; Bad 





Substitution of a methyl group in position 6 of 2-thiouracil appeared to 
decrease the binding by proteins, but with larger hydrocarbon groups the 
binding increased to practically complete in the case of the hexyl and 
phenethyl derivatives. The solubilities of the hexyl, benzyl, and phenethyl 
derivatives in 0.1 m phosphate at a final pH of 7.54 at about 25° (6 hours 
of agitation) were 7.7, 10.5, and 3.3 mg. per cent respectively. Hence 
the solubilities of these compounds were probably not exceeded, except 
possibly in one experiment with 6-phenethylthiouracil. The 6-carboxyl 
group decreased the binding, whereas the 6-amino group produced almost 
complete combination with proteins. 

Electrometric titration of 6-methyl- and 6-propylthiouracil, as previ- 
ously described for thiouracil (3), indicated pK’ = 8.04 and 8.17, respec- 
tively. Substitution of alkyl groups at position 6 thus appeared to decrease 
the dissociation of the mercapto group. 

The product of hydrogenation of 2-thiouracil at the 5 and 6 positions, 
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dihydrothiouracil, showed some inconstancy in ultrafiltrability. When 
this compound was held in an alkaline solution overnight before being 
added to serum, the binding was greater than with freshly dissolved di- 
hydrothiouracil. In the latter case, removal and analysis of serial samples 
of ultrafiltrate during ultrafiltration showed a decreasing concentration, 
However, if the sulfur compound had first been held in alkaline solution, 
a steady concentration was observed in the ultrafiltrate (Table ITI). 

The conclusion drawn is that dihydrothiouracil underwent a rearrange- 
ment, rather sluggishly at pH 7 to 8, more quickly in more alkaline solution 
to a form which was bound more strongly by serum proteins. This rear- 
rangement is probably the same as that required for color with Grote’s 
reagent by this compound. That this rearrangement involved the forma- 
tion of the sulfhydryl group (in either the dissociated or undissociated 
form) was suggested by the observation that this substance showed delayed 
neutralization. Upon addition of less than 1 equivalent of alkali the pH 
rose above 10 and fell gradually during several hours to reach stable values 
in the region of pH 6. 

4-Thiouracil and 2-mercapto-5-amino-1 ,3,4-thiadiazole were present 
only in small concentrations in ultrafiltrates of serum to which they had 
been added. 2-Thiobarbituric acid was mainly filtrable, whereas 5,5- 
diethylthiobarbituric acid and 2-mercaptoimidazole were somewhat less so. 
It may be seen that the recoveries from serum with p-toluenesulfonic acid 
as protein precipitant reflected the degree of binding by serum proteins 
shown by ultrafiltrations above pH 7; those which were less than 3 per cent 
ultrafiltrable could not be recovered from serum. 4-Thiouracil was the 
exception. 

Further Observations upon Color Reaction with Modified Grote’s Reagent— 
Thiourea and its N-alkyl derivatives yield a royal blue with Grote’s reagent, 
with maximum absorption near 600 mu, whereas 2-thiouracil, some of its 
derivatives, and a number of other structures give a blue-green color, with 
maximum absorption above 660 mu. In an attempt to define the strue- 
tural features which modify the color given by thiourea, parts of the 
spectra of the colorants due to thiourea, N , N’-tetramethylthiourea, N ,N’- 
ethylenethiourea, 2-mercaptoimidazole, N-acetylthiourea, N , N’-diacetyl- 
thiourea, 2-thiouracil and some of its 6-alkyl derivatives, dihydrothiouracil, 
and 2-thiobarbituric acid were studied. Some of the results are shown 
in Fig. 1. Alkyl derivatives of thiourea gave spectral absorption curves 
very similar to that of thiourea, ethylenethiourea (I) giving optical densities 
almost identical to those given by thiourea (mole for mole), whereas tetra- 
methylthiourea gave somewhat more color. The N-monoacy! derivatives 
of thiourea, N-ecetylthiourea and dihydrothiouracil, gave only slightly 
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modified curves, whereas with 2-mercaptoimidazole, 2-thiouracil and its 
6-alkyl derivatives, 2-thiobarbituric acid, and 2-mercapto-5-amino-1 ,3 ,4- 
thiadiazole the maxima were shifted to above 660 my. 2-Mercapto-5- 
amino-1 ,3,4-thiadiazole gave a blue-green color with Grote’s reagent, 
despite the absence of the N—C(=S)—N structure. 
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Fic. 1. Spectral transmittance curves of colorants formed with modified Grote’s 
reagent. Curve 1, 0.71 mg. per cent of 2-thiouracil; Curve 2, 3.57 mg. per cent of 
2-thiobarbituric acid; Curve 3, 1.16 mg. per cent of 2-mercaptoimidazole; Curve 4, 
0.71 mg. per cent of thiourea; Curve 5, 1.43 mg. per cent of dihydro-2-thiouracil; and 
Curve 6, 14 mg. per cent of N-acetylthiourea. 


DISCUSSION 


The two compounds ethylene thiourea (I) and 2-mercaptoimidazole (II) 
illustrate one structural feature which modifies the color reaction. The 
latter contains a double bond which is in conjugation with the double bond 
produced by enolization (III). This feature is present also in 2-thiouracil 
and its 6-substituted derivatives and several other structures which gave 
a similar color reaction. 
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The behavior of dihydrothiouracil suggests that the mercapto form of 
this substance is the one which yields the color reaction, since the formation 
of a titratable group and a chromogenic structure proceeded at similar 
slow rates under the same conditions. A greater lability in the desmotropy 
of thiouracil than of dihydrothiouracil might be anticipated, since a con- 
jugated ring system can result in the former case. The blue color reaction 
given by thiourea probably does not require the formation of a mercapto 
group, since N , N’-tetramethylthiourea gave even more color than thiourea. 
Formation of the mercapto group by desmotropic change would probably 
be blocked by the methyl groups. 

The mercapto form (either in dissociated or undissociated state) appears 
to be much more strongly bound to proteins than the C=S form. This 
is suggested by the absence of binding in serum of thiourea (5) which is 
little dissociated at pH 7 to 8, by the only moderate binding of 2-mercapto- 
imidazole, which is slightly more dissociated in this region, and by the 
relation of the binding of thiouracil to pH (3). The behavior of dihydro- 
thiouracil in passing to a more strongly protein-bound state under condi- 
tions in which it was assuming a more titratable structure supports this 
conclusion. 

No direct relationship is to be seen between the thyroid activity of these 
compounds and their behavior with respect to serum proteins. Among 
the highly active substances 2-mercaptoimidazole and 5,5-diethylthio- 
barbituric acid showed the least binding by protein. Of the three com- 
pounds showing the highest order of activity, 6-ethyl-, 6-propyl-, and 6- 
benzylthiouracil, the first two would be recommended if it is accepted that 
a high affinity for serum proteins is undesirable. 

Of the highly active compounds studied analytical procedures for the 
determination of serum concentrations are provided by these experiments 
for all but two (6-benzylthiouracil and 2-mercapto-5-amino-1 ,3 ,4-thiadi- 
azole). Satisfactory procedures for deproteinizing serum without losses 
of these have not been found. Analyses of serum without deproteinization 
(6) in our hands have not yielded satisfactory analyses with any of these 
compounds; nor did ultrafiltration of acidified serum permit recovery of 
benzylthiouracil. 


3 Serum levels of two patients receiving 500 mg. of thiouracil and 6-propylthiouracil 
respectively reached 1.0 and 1.1 mg. per cent in about 2 hours, and then fell rapidly. 
Three patients whose thyrotoxicosis was controlled by 6-propylthiouracil showed 
serum levels from 0.04 to 0.08 mg. per cent. These results indicate that the high 
activity of propylthiouracil does not arise from its producing much higher serum 
concentrations than thiouracil. (Unpublished results, Astwood, Christensen, 
and Cooper.) 








aa Or ae SS 











H. N. CHRISTENSEN 35 


SUMMARY 


A number of sulfur compounds possessing strong inhibitory effects upon 
the thyroid gland, and some substances structurally related to them, have 
been studied with regard to their reaction with Grote’s reagent, their 
analytical determination in serum, and their combination with serum 
proteins as shown by ultrafiltration. Procedures permitting analytical 
determination on serum have been described for all but two of the more 
active compounds studied. 

The structural features modifying the color reaction given by thiourea 
with Grote’s reagent have been discussed. 

6-Alkyl-substituted 2-thiouracil derivatives were bound by serum pro- 
teins to a degree increasing with the size of the substituting group. 2- 
Mercaptoimidazole and 5,5-diethylthiobarbituric acid, among the highly 
active substances, were present in serum to a considerable extent in an 
ultrafiltrable state. Evidence has been presented that the mercapto form 
of these sulfur compounds is the more strongly protein-bound. , 
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THE EFFECT OF LECITHINASE ON HUMAN SERUM GLOBULINS 


By MARY L. PETERMANN* 
(From the Department of Chemistry, University of Wisconsin, Madison) 


(Received for publication, September 25, 1945) 


The protein complex found in human serum and named the X protein 
by McFarlane (6) has been studied in great detail by Pedersen (8), and 
assumed to be a complex made up of 8-globulin, albumin, and large amounts 
of lipid. Since the Nagler effect (2, 7) (the release of lipids from solution 
in serum by the action of the a-toxin of Clostridia) is, like the X protein, 
confined almost entirely to the serum of humans, it seemed of interest to 
study the relationship between these two phenomena. It has been shown 
by Macfarlane and Knight (5) that the action of a-toxin is that of a leci- 
thinase. Inorganic phosphate is released by the enzyme from the lecitho- 
vitellin of hen’s eggs and from pure lecithin. Crook (2) believes the action 
of a-toxin on human serum to be more complex than this. He found the 
insoluble material separated from serum after toxin treatment to consist 
of about one-third protein and two-thirds lipid (fat, cholesterol, phos- 
phatides, etc.). In this paper the action of a-toxin on whole serum, X 
protein, and various serum fractions has been studied. Although these 
findings are only a preliminary to a more thorough study, they are reported 
because the work cannot be continued at this time. 


Methods 


Serum was prepared from blood drawn from a normal subject (blood 
group A) in the postabsorptive state. It was allowed to clot at room tem- 
perature for about 15 minutes, and then spun in a refrigerated centrifuge 
for 1 hour. The serum was extremely clear. 

The X protein was concentrated as described by Pedersen (8). To 60 ce. 
of serum, 43 ec. of saturated MgSO, were added. The solution was spun 
in sixteen 6 cc. tubes in a concentration ultracentrifuge for 6 hours at 24,000 
R.P.M. The effect of MgSO, is to increase the density of the solvent to 
such an extent that the X protein separates at the top. 

The top 1 ec. from each tube was collected. The combined 16 ce. has 
been designated as X. The bottom 16 cc. were also collected and com- 
bined as a control. This has been designated S-X. The magnesium sul- 
fate was removed by dialysis against cold saline. 

The other proteins studied were fractions of normal human plasma pre- 
pared by alcohol fractionation (1). 


* Present address, Memorial Hospital, New York, New York. 
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The lecithinase used was supplied through the courtesy of Dr. Milan 
A. Logan of the University of Cincinnati, College of Medicine. It was q 
crude culture filtrate of Clostridium perfringens which had been dialyzed 
against glycerol and contained about 500 mouse LDso per cc.' of a-toxin, 

This toxin was diluted 1:50 with saline immediately before use. The 
procedure was adapted from that used by Macfarlane and Knight (5), 
Usually each flask contained 0.6 ce. of 0.3 M CaCh, 3.0 ec. of borate buffer, 
5.0 cc. of diluted toxin, the protein to be studied, and saline to a final volume 
of 21.6 cc. In the early experiments the enzyme treatment was carried 
out in colorimeter tubes and any increase in turbidity measured in the 
Evelyn photoelectric colorimeter. Later the enzyme action was followed 
by determinations of phosphate soluble in 10 per cent trichloroacetic acid. 
3 ce. of solution were added to 6 cc. of 15 per cent trichloroacetic acid and 
the precipitate was filtered off after 15 minutes. The phosphorus method 
of Fiske and Subbarow (3) as modified for the Evelyn colorimeter was used. 
Samples for inorganic phosphate determinations were taken immediately 
after adding the toxin. The flasks were stoppered and set in an oven at 
37°. After 16 hours another phosphate sample was taken. In the case 
of the whole serum (S), X, and S-X proteins, the separated lipid was 
removed by spinning for 2 hours at 24,000 r.p.m. as suggested by Crook (2). 

Nitrogen analyses were made by the method of Johnson (4). 

Before ultracentrifugal analysis each sample was dialyzed against a 
buffer containing 0.075 m sodium citrate, 0.0435 m disodium phosphate, 
and 0.0027 m monosodium phosphate. This buffer was found by Pedersen 
(8) to give adequate resolution of the albumin and X protein boundaries in 
the ultracentrifuge. Analyses were made in concentrated solutions, since 
the X protein complex disappears on dilution. Pictures taken by the 
diagonal knife-edge method after about 120 minutes at 60,000 r.P.m. were 
analyzed for X protein, albumin, and globulin. All concentrations were 
corrected for the sector shape of the cell (9). 

Electrophoretic analyses were made in a buffer which was 0.05 M in 
diethylbarbiturie acid and 0.00765 m in sodium citrate and was adjusted 
to pH 8.6 with sodium hydroxide. 


RESULTS AND DISCUSSION 

The increase in phosphorus soluble in 10 per cent trichloroacetic acid 
following lecithinase treatment of a number of serum protein fractions is 
shown in Table I. Since the albumin showed no significant increase in 
inorganic phosphate, the values obtained on the other fractions have been 
recalculated in terms of the total globulin present in each. The results 
are surprising. Neither the X protein prepared from serum nor that from 


1 LD» is the amount of toxin that will kill 50 per cent of the mice of the test group. 
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Fraction II + III showed as great an increase in inorganic phosphorus as 
the protein mixture from which it was prepared. The greatest amounts 
of phosphate were released from Fraction III-1 and from the S-X material. 
The increase in phosphate found with the y-globulin was probably not 
significant. 

Although the action of lecithinase on the X protein fractions hydrolyzed 
little phosphate, it did release the lipid. After 2 hours in the oven, the 
§-X flask still remained clear, while the solution in the X flask had become 
quite turbid. After 16 hours, a few flocs of fatty material were floating in 
the S-X sample; the X sample was milky. Nitrogen analyses made before 
and after the lipid was removed showed that the S-X sample had lost no 
nitrogen, whereas the X sample had lost 10 per cent. 


TABLE I 
Action of Lecithinase on Serum Proteins 








Protein ‘aoe Per cent | Phosphorus| Increase in py 
= 2 — | globulin on. pee turbidity with lipid 
mg. | me. 
ery ey skeen ee wErevert 0.20 36 0.56 | +4+++ 5 
Me ae 0.80 40 2.00 | = 0 
X from serum............... 0.04 40 0.10 | ++++ 10 
“« “ Fraction II + III.....| 0.04 100 0.04 +4-+— 
Fraction II + III............ r O10] 9% | O.10 | - 
SS 8 eee ke 9% | 0.05 | ~ 
2 re Se 1.00 96 100 | +++ 
Os. 5k nace whe eeees 0.00 1 0 
I oinctnniuretiamadt 0.01 9 | 0.01 | 0 





The results of ultracentrifugal and electrophoretic analyses are shown 
in Fig. 1. The whole serum contained 23 per cent X (in 4 per cent solu- 
tion) and 8 per cent §;-globulin. The X preparation contained 51 per 
cent X and 20 per cent ;-globulin. The S-X preparation contained no X, 
although it had 10 per cent 8,-globulin. After lecithinase treatment the X 
had disappeared from the serum and the X preparation. The electro- 
phoretic pattern of the treated whole serum (S-L) had changed but little. 
The X-L pattern, however, showed a loss of 13 per cent of the 8, boundary. 
This is consistent with the removal of 10 per cent of the total nitrogen. 
The percentage increases in the other components seem to be due entirely 
to the decrease in 6;-globulin. Although it had shown the greatest increase 
in inorganic phosphate on lecithinase treatment, the S-X fraction gave 
the same electrophoretic and ultracentrifugal analyses after treatment 
as before. 
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Fie. 1. Electrophoretic (£) and ultracentrifugal (U’) analyses of serum and serum 
fractions before and after lecithinase treatment. In each diagram the per cent of 
the various serum proteins found on electrophoretic analysis is indicated along the 
top horizontal line. The per cent of the total serum protein found in each ultra- 
centrifugal component is marked along the bottom line; A indicates the albumin, 
X the X protein complex, and G the globulins. A connecting line is drawn between 
each electrophoretic component and the ultracentrifugal component to which it 
probably corresponds. Solid lines have been drawn for serum albumin and for the 
B,- and y-globulins, since the sedimentation behavior of the isolated proteins is 
known. Dash lines have been drawn to indicate the probable sedimentation behavior 
of the other components. Analyses of the X protein concentrate (X), the whole 
serum (S), and the bottom fraction (S-X) are shown in the left-hand diagrams. The 
right-hand diagrams indicate analyses of the same fractions after lecithinase 
treatment. 
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One further effect of lecithinase action must be noted. In all three 
cases the mobility of the a;-globulin was reduced from —6.2 X 1075 sq. em. 
per volt per second to —5.6 X 10° sq. em. per volt per second. The 
boundary separated much more sharply from that of the albumin. 

The material (other than the X protein) from which such relatively large 
amounts of phosphorus were released is unknown. It appears to have a 
high sedimentation rate, since it is concentrated in the S-X preparation. 
Some fast moving material was present in the ultracentrifuge diagrams, 
but in very small amount. 

It has been well established by the English workers (2, 5, 7) that the 
Nagler effect, the release of lipid, is a specific result of lecithinase activity. 
The increase in inorganic phosphorus found in the S-X preparation cannot 
be ascribed with certainty to the action of lecithinase, since no control 
experiments were done. It may be due to the action of other phosphatases 
present in the serum. This seems unlikely, however, since the S-X prepa- 
ration was 5 days old when tested, and the Fraction III-1 sample had been 
stored in the refrigerator for 2 years. The a:-globulin present in the S-X 
appeared to sediment with the albumin boundary, which was abnormally 
large in area. 

In every case the a)-globulin appeared to sediment with the albumin. 
Pedersen (8) has described the X protein complex as containing 8-globulin, 
albumin, lipid, and carbohydrate. In these preparations the increases in 
8§,-globulin and in X protein attained in the X preparation are roughly 
parallel. In the X preparation, however, the complex seems to contain 
much more albumin than in the whole serum. It also seems probable 
that some of the a:-globulin enters into the complex. After lecithinase 
treatment this fraction of a;-globulin sediments with the globulins. 


SUMMARY 


1. The concentration of the X protein complex of human serum by ultra- 
centrifugation has been confirmed. 

2. The release of lipid from human serum by the action of lecithinase 
parallels the breakdown of the X protein complex. 

3. The amount of phosphate released from whole serum or from various 
serum fractions by lecithinase bears no apparent relation to the amount of 
lipid set free. No increase in inorganic phosphate is obtained when albumin 
or y-globulin is used as substrate. Very small increases are found with 
Fraction II + III, Fraction IV-1, or the X protein concentrates. Large 
amounts of phosphate are released from Fraction III-1 and from the rapidly 
sedimenting proteins of whole serum. 

4. A further action of the enzyme appears to be a reduction in the mo- 
bility of the a;-globulin. 








42 LECITHINASE AND SERUM GLOBULINS 





This work was made possible by a grant from the Rockefeller Foundation. 
The author wishes to express sincere thanks to J. W. Williams for his 


advice and encouragement. 

The plasma protein fractions were supplied through the courtesy of 
Dr. E. J. Cohn of the Department of Physical Chemistry of the Harvard 
Medical School. These fractions were prepared under a contract, recom- 
mended by the Committee on Medical Research, between the Office of 
Scientific Research and Development and Harvard University. 


BIBLIOGRAPHY 


1. Cohn, E. J., Oncley, J. L., Strong, L. E., Hughes, W. L., Jr., and Armstrong, 
8. H., Jr., J. Clin. Invest., 23, 417 (1945). 

. Crook, E. M., Brit. J. Exp. Path., 28, 37 (1942). 

. Fiske, C. H., and Subbarow, Y., /. Biol. Chem., 66, 375 (1925). 

. Johnson, M. J., J. Biol. Chem., 187, 575 (1941). 

. Macfarlane, M. G., and Knight, B. C. J. G., Biochem. J., 35, 884 (1941). 

. McFarlane, A. 8., Biochem. J., 29, 660 (1935). 

. Nagler; F.P.0O., Brit. J. Exp. Path., 20, 473 (1939). 

. Pedersen, K. O., Ultracentrifugal studies on serum and serum fractions, Upsala 
(1945). 

9. Svedberg, T., and Pedersen, K. O., The ultracentrifuge, Oxford (1940). 


aro oe Ww bo 














_—— 2 2 Oe he Ck) lee 
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I, EFFECTS ON ENZYME SYSTEMS 
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Earlier papers have shown that yeast extracts antagonize the depressing 
activity of phenylmercuric nitrate on the respiration and growth of yeast 
(1), on the respiration (2) and growth (3) of skin, and on the growth of 
molds (4) and certain bacteria (2,3) (and unpublished). An explanation of 
these effects requires a knowledge of the mode of action of phenylmercuric 
nitrate. Inasmuch as yeast extracts have been shown to accelerate catalase 
(5) and peroxidase (6) activities, to overcome the toxic actions of cyanide 
and azide but not of urethane and amyl alcohol on respiring systems (7), 
and to by-pass the cytochrome-cytochrome oxidase oxidation of ascorbic 
acid (unpublished), it seemed desirable to investigate the effects of phenyl- 
mercuric nitrate on several enzyme systems. The present paper deals 
with the action of phenylmercuric nitrate on the cytochrome oxidase and 
succinoxidase systems; on the succinic, lactic, and glucose dehydrogenase 
systems; and on catalase. 


EXPERIMENTAL 


Methods and Materials—Manometric procedures at 37.5° were used for 
the oxidase systems. The cytochrome oxidase system, with ascorbic acid 
as substrate, was measured according.to the method of Schneider and 
Potter (8). The center well of the respirometer flask contained 0.2 ml. 
of 2 N sodium hydroxide. The main chamber contained 1 ml. of 2.4 X 
10-* m cytochrome c; 0.3 ml. of a freshly prepared solution of 0.114 m 
ascorbic acid in phosphate buffer, pH 7.4; 0.3 ml. of 4 X 10-* m aluminum 
chloride; 0.2 ml. of a cytochrome oxidase-containing tissue extract; 1.0 ml. 
of phosphate buffer, pH 7.4; and 0.2 ml. of glass-distilled water. In the 
experimental flasks the water was replaced by basic phenylmercuric nitrate 
of appropriate concentration. 

Schultze’s recommendations (9) were followed in setting up the cyto- 
chrome oxidase system with hydroquinone as substrate. The center well 
contained 0.2 ml. of 2 N sodium hydroxide or water. The main chamber 
contained 1 ml. of 2.4 X 10-4‘ m cytochrome c; 0.3 ml. of 0.21 m resublimed 
hydroquinone in phosphate buffer, pH 7.4; 0.3 ml. of 0.18 m semicarbazide 
hydrochloride neutralized to pH 7.4; 0.2 ml. of oxidase-containing extract; 
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1.0 ml. of phosphate buffer, pH 7.4; and 0.2 ml. of water which was replaced 
with phenylmercuric nitrate in the experimental flasks. 

The method of Schneider and Potter (8) was followed in setting up the 
succinoxidase system. The center well contained 0.2 ml. of 2 N sodium 
hydroxide. The large chamber held 0.4 ml. of 10-‘ m cytochrome c; 0.3 ml. 
of 0.4 m sodium succinate, pH 7.4; 0.3 ml. of 4 X 10-* m calcium chloride; 
0.3 ml. of 4 X 10-* m aluminum chloride; 0.2 ml. of tissue extract; 1.0 ml. 
of phosphate buffer, pH 7.4; and 0.5 ml. of water, of which 0.4 ml. was 
replaced by phenylmercuric nitrate in the experimental flasks. 

The anaerobic dehydrogenase determinations were carried out by the 
Thunberg methylene blue method at 37.5° according to the procedure of 
Green and Dixon (10). The tubes contained 0.9 ml. of a methylene blue 
solution prepared by mixing 8 ml. of 1:5000 methylene blue with 6 ml. 
of 0.2 m phosphate buffer at pH 7.2; 0.1 ml. of 0.1 m substrate (succinic 
acid, dextrose, or lactic acid); and 1.0 ml. of phosphate buffer (replaced 
by 1.0 ml. of phenylmercuric nitrate in the experimental tubes). The 
side arm held 1.0 ml. of the enzyme-containing tissue extract which was 
tipped in after a 15 minute period for evacuation and thermal equilibrium. 

Cytochrome c was prepared from beef hearts by the method of Keilin 
and Hartree (11) with the exception that it was dialyzed against distilled 
water instead of 1 per cent sodium chloride. Rat heart extract served as 
a source of cytochrome oxidase as well as of succinic and lactic dehydro- 
genases. Rat liver was the usual source of glucose dehydrogenase. 

For the determination of catalase activity the previously described modi- 
fication (5) of von Euler and Josephson’s procedure (12) was employed. 
The earlier experiments were performed with a rat liver extract as a source 
of catalase ; the experiments detailed in this paper were made with a crystal- 
line beef liver catalase prepared by the method of Sumner and Dounce (13). 

Basic phenylmercuric nitrate (merphenyl nitrate, Hamilton Laborato- 
ries) was used. All solutions of chemicals were prepared with glass-distilled 
water. 


Results 


Cytochrome Oxidase—After preliminary experiments to determine a suit- 
able concentration of cytochrome oxidase, the effects of phenylmercurie 
nitrate were studied with ascorbic acid as the substrate. Fig. 1 shows the 
results of a typical experiment in which phenylmercuric nitrate was ‘used in 
concentrations from 5 X 10-5 to 1.7 X 10-'m. These concentrations were 
in the range usually employed in the earlier respiration experiments. All de- 
pressed the enzyme activity, the magnitude of the depression ranging from 
25 to 60 per cent, depending upon the concentration. To be sure that the 
phenylmercuric nitrate was acting on the enzyme system and not directly 
on the substrate, for example by forming a difficultly oxidized mercury salt, 
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experiments were performed to determine the effect of phenylmercuric 
nitrate on the autoxidation of ascorbic acid in the absence of enzyme. 
Under these conditions the compound did not affect the oxidation. If 
allowance were made for the autoxidation, the depression of enzyme ac- 
tivity by phenylmercuric nitrate would be greater than that given above. 

Phenylmercuric nitrate also inhibited the oxidation of hydroquinone by 
the cytochrome oxidase system. Results of a typical experiment, in which 
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Fig. 1. The effect of phenylmercuric nitrate on cytochrome oxidase oxidation of 
ascorbic acid. Curve I, cytochrome oxidase control; Curve II, phenylmercuric 
nitrate, 1.7 X 10-§ m; Curve III, phenylmercuric nitrate, 3.3 X 10-5 m; Curve IV, 
phenylmercuric nitrate, 4.2 X 10-° mM; Curve V, phenylmercuric nitrate, 5 X 10-° M; 
Curve VI, cytochrome c control (oxidase omitted). 


2.3 X 10-5 m phenylmercuric nitrate was used, are shown in Fig. 2. Addi- 
tional experiments show ed phenylmercuric nitrate to have no effect on the 
autoxidation of hydroquinone. 

Spectrophotometric studies .(made by Gladys Perisutti) showed that 
phenylmercuric nitrate did not alter the absorption spectrum of cyto- 
chrome c. 

Succinoxidase—Phenylmercuric nitrate in concentrations from 2.3 X 
10-5 m to 1.25 X 10-° mM gave complete inhibition of the succinoxidase sys- 
tem, as shown by the experiment in Fig. 3. 
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Fig. 2. The effect of phenylmercuric nitrate on cytochrome oxidase oxidation of i: 
hydroquinone. Curve I, cytochrome oxidase control; Curve II, phenylmercuric 
nitrate, 2.3 X 10-§ m; Curve III, cytochrome c control (oxidase omitted); Curve IV, 
autoxidation of hydroquinone (cytochrome c and oxidase omitted). 
M 
| 3 
> 
3 
Vv 
4 ie 
S 
2 
: : 
6 ge 
or 
10 
an 
MINUTES 
Fic. 3. The effect of phenylmercuric nitrate on succinoxidase activity. Curve I, m 
succinoxidase control; Curve II, cytochrome ¢ control (oxidase and dehydrogenase 10 
omitted); Curve III, phenylmercuric nitrate, 1.25 X 10-5 m, 1.7 X 10-° m, and 2.3 X 36 
10° m. pn 
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Succinic Dehydrogenase—Table I indicates that phenylmercuric nitrate 
actively inhibited succinic dehydrogenase, although higher concentrations 
were required than with the oxidation enzyme preparations. 

Lactic Dehydrogenase—Table II demonstrates the inhibition of lactic 
dehydrogenase by phenylmercuric nitrate. 


TaBLe I 
Effect of Phenylmercuric Nitrate on Succinic Dehydrogenase 
Each tube contained 0.9 ml. of methylene blue-buffer mixture and 0.1 ml. of 0.1 
msuccinic acid. 1 ml. of rat heart extract was tipped in from the side arm. 


Phosphate buffer, pH 7.4 Phenylmercuric nitrate Decolorization time 

mi. M 

1.0 3 min., 2 sec. 

1.0 + a. 
re 2 a lhr., 12 min. 
1.1 X 10° i * = 
5.6 X 10-4 22 min., 5 sec. 
5.6 X 1074 - Fig ions 
2.8 X 10~' 5 * 7 
2.8 X 10-' s * -_ 
Tasie II 


Effect of Phenylmercuric Nitrate on Lactic Dehydrogenase 


Each tube contained 0.9 ml. of methylene blue-buffer mixture and 0.1 ml. of 0.1 
miactic acid. 1 ml. of rat heart extract was tipped in from the side arm. 





Phenylmercuric nitrate, final 


Phosphate buffer, pH 7.4 concentration 4.5 X 10-* Decolorization time 
mi. mil. 
1.0 9 min., 50 see. 
1.0 . 43 ‘* 
1.0 a o 5 * 


1.0 a 

Glucose Dehydrogenase—Glucose dehydrogenase activity was depressed 
by phenylmercuric nitrate but not as readily as succinic or lactie dehydro- 
genases. For example, in a typical experiment the average control decol- 
orization time for methylene blue was 2 minutes and 29 seconds and 4.5 X 
10-‘ m phenylmercuric nitrate increased the decolorization time to 3 minutes 
and 33 seconds. 

Catalase—In Table III are reported the depressing effects of phenyl- 
mercuric nitrate on crystalline beef liver catalase activity. With 4.5 x 
10-° m phenylmercuric nitrate the depression amounted to approximately 
36 per cent within 20 minutes. Similar results were obtained with crude 
preparations of rat liver. 
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Taste III 
Effect of Phenylmercuric Nitrate on Catalase 
Each flask contained 35 ml. of 30 per cent H,O, diluted 1:500 and standardized, 
10 ml. of m/15 phosphate buffer, 1 ml. of standard catalase solution diluted 1:10,000, 
and 4 ml. of water which was replaced by phenylmercuric nitrate in the experimental 
flasks. 











ial | 


Phenylmercuric nitrate 5 min. 





10 min. 15 min. 20 min. 
Control 0.1 n KMnQ,, ml. | 4.075 | 3.475 | 3.075 | 2.775 
H,0; decomposed, % | 15.12 | 27.53 | 35.57 42.15 

| | | 
1.5 X 10-° 0.1 n KMnO,, ml. | 4.375 | 4.025 | 750 | 3.400 
H.O, decomposed, % | 11.88 | 20.23 | 27.01 | 32.99 
3X 10-5 0.1 n KMnO,, ml. | 4.225 | 3.425 | 3.500 | 3.225 
H,O; decomposed, % | 8.7 | 16.10 21.79 29.09 
4.5 X 10-5 0.1 nN KMnO,, ml. 4.500 | 4.125 3.800 | 3.500 








HO: decomposed, % | 6.17 | 13.99 | 20.75 | 27.01 





DISCUSSION 

Phenylmercuric nitrate appears to act as a non-specific depressant of 
the enzyme systems studied. This, perhaps, is not unexpected, since 
mercury compounds are general protein precipitants. The most obvious 
common point of attack of the enzymes is the sulfhydryl group. The action 
of inorganic mercury compounds, such as mercuric chloride, has been shown 
by Fildes (14) to depend upon interaction with —SH groups. It has been 
suggested that organic mercurials may act in a similar manner (15). Or- 
ganic mercurials of the type RHgX have frequently been used to inhibit 
enzyme activity presumed to be dependent upon —SH (see the reviews 
of Hellerman (16)). In Paper II {17), it is shown that the respiratory 
depressant action of phenylmercuric nitrate on yeast can be prevented by 
such compounds as cysteine and homocysteine. 

It is well known that the —SH group is essential for succinic dehydro- 
genase activity (18,19). The depression of this enzyme and of the succin- 
oxidase system by phenylmercuric nitrate is in line with this fact. How- 
ever, Barron and Singer (20), using chloromercuribenzoic acid, have 
reported that the —SH group is not essential for the functioning of cyto- 
chrome oxidase and catalase. The depression of the activity of these 
enzymes by phenylmercuric nitrate seems to be at variance with the results 
obtained with chloromercuribenzoic acid unless the two reagents act in 
different manners or unless the concentrations of the depressants employed 
were widely different. It would appear that Barron and Singer used 
chloromercuribenzoic acid in concentrations of 10-*m. This is considerably 
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higher than the concentrations of phenylmercuric nitrate (1.5 X 10-*° m to 
5 X 10-5 m) which we found to cause definite, although not complete, 
inhibition of cytochrome oxidase and catalase. It seems, therefore, that 
the concentration used by Barron and Singer should have produced depres- 
sion if the action of the two mercurials is similar. The concentrations 
employed by us were of the same magnitude as the concentrations of chloro- 
mercuribenzoic acid (10-° m to 3.3 X 10-5 mM) used by Potter and Dubois 
(19) to produce 30 to 70 per cent inhibition of the succinoxidase system, 
depending upon experimental conditions. Inasmuch as Paper II shows 
that the respiratory depressant action of phenylmercuric nitrate on yeast 
ean be prevented by sulfhydryl compounds it would seem that a mode of 
action involving the sulfhydryl group is a likely possibility. 


SUMMARY 


Phenylmercuric nitrate depresses the activity of the cytochrome oxidase, 
suecinoxidase, succinic, lactic, and glucose dehydrogenases, and catalase. 

These results are discussed in light of a possible action of phenylmercuric 
nitrate on the sulfhydryl group. 
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II. SULFHYDRYL ANTAGONISM OF RESPIRATORY DEPRESSION 
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In Paper I (1) it was shown that phenylmercuric nitrate can act as a 
non-specific depressant for both oxidases and dehydrogenases. Inasmuch 
as this effect might be interpreted as due to interaction of phenylmercuric 
nitrate with sulfhydryl groups in the enzymes, we decided to determine 
whether the depression of yeast respiration by this compound could be 
prevented by sulfhydryl-containing compounds. 


EXPERIMENTAL 


Methods and Materials—The respiration of a pure culture of Saccharo- 
myces cerevisiae was measured by the previously described procedure (2) 
in M/15 KH.PO, containing 0.02 per cent glucose, pH 4.5, at 30° in Warburg 
respirometers. In each experiment duplicate flasks were employed for 
each of the following: yeast control, sulfhydryl-containing (or other) com- 
pound, phenylmercuric nitrate, and sulfhydryl (or other) compound plus 
phenylmercuric nitrate. The control flasks held 0.2 ml. of n KOH in the 
center well and in the other chamber 3 ml. of phosphate-glucose containing 
4 mg., dry weight, of yeast. In the appropriate flasks 1 ml. of the phos- 
phate-glucose was replaced by a solution of the sulfhydryl (or other) com- 
pound and 1 ml. was replaced by a solution of phenylmercuric nitrate, 
which was always tipped from the side arm. All chemicals were dissolved 
in phosphate-glucose. 

l(+)-Cysteine hydrochloride, /(—)-cystine, dl-homocysteine, and dl- 
methionine were obtained from General Biochemicals, Inc. Basie phenyl- 
mercuric nitrate (merphenyl nitrate) was obtained from the Hamilton 
Laboratories. 


RESULTS AND DISCUSSION 
Preliminary experiments revealed that l-cysteine hydrochloride in con- 
centrations from 2 X 10-‘ m to 1.3 X 10-* m depressed the respiration of 
yeast, the degree of depression being proportional to the concentration up 
to about 1.6 X 10-*m. In the range from 3.2 X 10-* m to 1.3 X 10-2? 
the degrees of depression were similar and amounted to 51 to 55 per cent 
at the end of the 1 hour respiration period. In concentrations of 10-4 m, 
51 
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and lower, cysteine did not depress oxygen consumption significantly and 
these lower concentrations were chosen for experiments with the phenyl- 
mercuric nitrate. Fig. 1 shows the results of a typical experiment. The 
introduction of 1.5 X 10-5 m phenylmercuric nitrate adversely affected 
respiration, whereas 10~* Mm and 6 X 10~°M cysteine did not. The presence 
of these concentrations of cysteine materially lessened the depressing effects 
of phenylmercuric nitrate. Lower concentrations of cysteine were not as 
effective. It was found that phenylmercuric nitrate would abolish the 
nitroprusside reaction when present in the ratio of 1 mole to 2 moles of 
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Fic. 1. The effect of cysteine on the depression of yeast respiration by phenyl- 
mercuric nitrate. Curve I, yeast control; Curve II, cysteine hydrochloride, 6 X 
10-° mM, present from the start; Curve III, cysteine hydrochloride, 10~* m, present 
from the start; Curve IV, cysteine hydrochloride, 6 X 10-°M, present from the start; 
phenylmercuric nitrate, 1.5 X 10-5 mM, added at 30 minutes; Curve V, cysteine hydro- 
chloride, 10‘ m, present from the start; phenylmercuric nitrate, 1.5 X 10-5 m, added 
at 30 minutes; Curve VI, phenylmercuric nitrate, 1.5 * 10-° Mm, added at 30 minutes. 


cysteine. This is the amount of cysteine which should react with all the 
mercury in the double salt CsH;sHgNO;-CsH;sHgOH, although under cer- 
tain conditions (3) phenylmercuric nitrate seems to function as the complex 
ion (CsHsHgOH-C;HsHg)+. Somewhat higher than the theoretical 
amount of cysteine is therefore necessary for effective in vivo activity under 
the conditions of the experiment. Similarly, Fildes (4) found that a greater 
than theoretical quantity of sulfhydryl compound was essential to antago- 
nize the germicidal action of mercurie chloride on Escherichia colt. 

dl-Homocysteine behaved similarly to cysteine in preventing the phenyl- 
mercuric nitrate depression of yeast respiration. 
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The presence of /-cystine in concentrations of 6 X 10-5 m or 10~‘ m had 
no effect upon the respiratory depression caused by the addition of 1.5 X 
10-' m phenylmercuric nitrate, as shown in Fig. 2. Similarly, dl-methionine 
exerted no protective effect against phenylmercuric nitrate. 

Unpublished experiments by G. W. Thomas of our laboratories indicate 
that cysteine antagonizes the germicidal action of phenylmercuric nitrate 
against Escherichia coli and Eberthella typhosa. With these organisms, as 
with the respiration of yeast, higher concentrations of cysteine alone exert 
a toxic effect. 
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Fic. 2. The effect of cystine on the depression of yeast respiration by phenyl- 
mercuric nitrate. Curve I, yeast control; Curve II, cystine, 6 X 10-5 m, present 
from the start; Curve III, cystine, 10-‘ m, present from the start; Curve IV, phenyl- 
mercuric nitrate, 1.5 X 10-° m, added at 30 minutes; Curve V, cystine, 6 X 10-5 M, 
present from the start; phenylmercuric nitrate, 1.5 K 10-5 m, added at 30 minutes; 
Curve VI, cystine, 10-4 M, present from the start; phenylmercuric nitrate added at 
30 minutes. 


A number of other compounds, including p-aminobenzoic acid, adenine, 
xanthine, and hypoxanthine, which exert an antisulfanilamide effect, are 
without action upon the respiratory depression of yeast caused by phenyl- 
mercuric nitrate (5). 

It is evident that the phenylmercuric nitrate depression of yeast respira- 
tion can be prevented by sulfhydryl compounds. The inhibition of certain 
enzyme systems by phenylmercuric nitrate (1) may well be due to inter- 
action with essential —SH groups, although this may not be the only 
means of causing the observed enzyme inhibition. 
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SUMMARY 


The depression of yeast respiration by phenylmercuric nitrate can be 
prevented by cysteine and homocysteine but not by cystine or methionine. 
It is therefore possible that the previously observed depression of enzyme 
activity by phenylmercuric nitrate may involve interaction with the sulf- 
hydryl groups of the enzymes. 
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FATS OF INSECTS 
IV. COMPOSITION OF THE FAT OF MELANOPLUS ATLANIS RILEY 
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One of us, in a former study, observed that sulfur is contained in the oil 
extracted from a Mexican orthopteran (Taeniopoda auricornis Walker, 
Catantopidae, Acridioidea), found in Cérdoba, Vera Cruz. The oil is 
poisonous to rats (1). The oil was extracted from the male and female 
separately and the percentage of sulfur was found to differ in the two sexes. 
It was observed that the toxicity was proportional to the sulfur content, 
an observation suggesting a linkage of the property of toxicity to a sulfur 
compound in the oil. 

In another study the lipid was extracted from a different orthopteran 
belonging to the same family (Melanoplus atlanis Riley, Catantopidae, 
Acridioidea), occurring in Actopan, Hidalgo. This lipid was found to have 
avery high acid value (2), like that occurring in the European cantharid 
Lytta vesicatoria (3). We found sulfur in Melanoplus atlanis “‘fat,’’ though 
in smaller concentration than in Taeniopoda auricornis (2). This paper 
reports more detailed work on the fat of Melanoplus atlanis. 

Recent reviews on the chemistry of insect oils can be found in (1) and 


in ((4) p. 63). 
EXPERIMENTAL 


Extraction and Fractionation of Total Lipid—About 45,000 male and 
female insects (2) with a total weight of 9.0 kilos were killed with petroleum 
ether and dried in the sun to constant weight. 2.2 kilos, or 24.5 per cent 
of the weight of the fresh material, of dry insect bodies were obtained. 
The bodies were ground and extracted with petroleum ether (b.p. <60°) 
ina continuous apparatus; the resulting total lipid yielded 18.0 gm. of 
neutral fat and 53.0 gm. of free fatty acids (d3; 0.96). The neutral 
fat had a melting point of 39-40° and gave a saponification number 
of 138.9; it contained 0.0173 per cent of sulfur. No sulfur was found in the 
acid fraction. A 24 gm. portion of the free fatty acids was fractionated by 
the lead salt method ((4) p. 370); 3.5 gm. of “solid” fatty acids and 20 gm. 
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of “liquid” acids were obtained. Analytical data’ for the various prepara- 
tions are given in Table I. 

The methyl esters of the “‘solid’”’ and “liquid” fractions were prepared 
and submitted to fractional distillation under 2 mm. pressure. The ana- 














Taste I 
Analytical Values for Lipid Fractions from Melanoplus atlanis 
Free acid 
Neutral fat et TAS eS 
Whole Solid Liquid 
Acid value eee on 0 | 190.3 195.6 193.8 
I 799.8 | 14.2 | 8.3 131.9 
Thiocyanogen value...........| 44.4 59.7 74.4 
Acetyl value............... a 4.4 | 1.0 
Tasie II 


Fractions of Methyl Esters of ‘‘Solid’”’ and ‘‘Liquid’’ Acids 




















Fraction No. Weight awe S. e. Iodine value 
—- wpe gm. <.. - 
Sl 0.385 | 155-163 274.6 4.7 
$2 0.820 163-165 292.6 6.1 
83 1.625 Residue 307.5 8.2 
Ll 2.156 175-180 283.1 89.9 
L2 1.720 180-183 292.8 109.4 
L3 1.506 183-186 301.5 128.3 
L4 1.014 186-215 312.0 140.7 
L5 4.952 Residue 326.7 146.2 
Tas_e III 
Approximate Composition of Total Acids 
Chain length Saturated | Unsaturated Mean unsaturation 
per cent per cent Pe Ge. 
Cre 7.3 | 4.1 —2.0H 
Cis 12.2 29.9 —2.8 * 
Ceo 2.8 38.4 —3.8 * 
Co 5.3 =-$.7°* 











lytical findings, given in Table IT, on calculation by the method of Hilditch 
((4) p. 400) yield the approximate composition shown in Table III. 


1 There are some discrepancies between the findings given here and the data re- 
ported previously (2). However, since the specimens used in the earlier work were 
collected in September, whereas those used in the present work were collected in 
November, these discrepancies are of little consequence. 
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In qualitative tests both the neutral fat and the free acid fractions 
were brominated. In ethyl ether only a faint clouding was obtained, which 
indicates the presence of small quantities of triethenoid or more highly 
unsaturated acids. In petroleum ether, abundant precipitates were 
obtained with both fractions. 

Sulfur, Phosphorus, and Nitrogen—Extracts of the neutral fat with boil- 
ing water, boiling dilute HCI, hot dilute NaOH, or boiling alcohol failed to 
give positive reactions with nitroprusside or with sodium plumbite. When 
the neutral fat was boiled with dilute sodium hydroxide, and the resulting 
mixture acidified and filtered, the filtrate gave a precipitate with barium 
chloride, indicating the presence of sulfuric esters in the original material. 

No fraction contained phosphorus, nitrogen, or vitamin A (by reaction 
with antimony trichloride). 

The injection of 1 cc. of the neutral fat into a 32 gm. mouse did not pro- 
duce any symptoms of toxic action. 

DISCUSSION 

As is the case with the lipids of some other insects (1-3), those of Melano- 
plus atlanis consist mainly of free acids, which constitute 74.7 per cent of 
the total. The free acids consist of saturated acids, stearic (9.1 per cent), 
palmitic (6.7 per cent), and arachidic (2.1 per cent), and unsaturated acids, 
Cys (4.4 per cent), Cys (31.5 per cent), Coo (40.5 per cent), and Co (5.7 per 
cent). Triethenoid acids of the C2 -Cy. series appear to be present, but 
linolenic acid is absent. Scarcity of material precluded a demonstration 
of the complete absence of small amounts of fatty acids below Cy. The 
neutral fat contains sulfur and shows a low saponification vaiue which may 
be due either to a large proportion of acids of series higher than Cu or to 
the presence of a considerable amount of unsaponifiable material; this is a 
frequent occurrence among insects (5). 

The low acetyl value of both free acids and neutral fat shows the absence 
of hydroxy acids and also of diglycerides, such as the palmityl diglyceride 
found in silk worm oil (6). 

The predominance of stearic acid over palmitic acid is considered to be 
exceptional in animal fats. Among the higher animals it is found only in 
sheep, goat, and puma (American lion)* fats. However, it has been found 
in another insect fat besides that of Melanoplus atlanis; namely, that of 
Zonabris pustulata (sub Mylabris), an insect from India (7). The fact that 
stearic acid is the principal saturated fatty acid of certain tropical seeds has 
no bearing on the composition of the lipids of Melanoplus atlanis, which 
feeds on herbaceous plants. The presence of arachidic acid is to be ex- 
pected from the great abundance of stearic acid ((4) p. 8). 

A greater abundance of unsaturated than of saturated fatty acids appears 


?Giral, F., J. Chem. Soc., 112 (1945). 
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to be the rule among Acrididae;‘it is found not only in Melanoplus atlanjs 
but also in the South American locust (8), in Oxya japonica (9), and in 
Taeniopoda auricornis (5). 

The predominance of unsaturated fatty acids of the Co series found in 
Melanoplus atlanis fat is also found in the lipids of a mollusk, Mytilus edilus 
(10), and of many deep sea fish ((4), pp. 28-50). The fat under study, 
however, differs from those listed above by a much lower content in palmit- 
oleic acid. 

Hilditch ((4) p. 11) has pointed out that as the zoological scale is as- 
cended the amount of unsaturated C2 o-Cx acids decreases, whereas the 
amount of palmitic acid increases. The fat of Melanoplus atlanis conforms 
to this generality but it is doubtful whether all insect fats follow the same 
rule. On the one hand the finding of heneicosane (C2;H,) in Lytta vesicatoria 
(3) could be due to decarboxylation of C2. fatty acids, which are frequently 
found, together with higher homologues, in insect waxes. On the other 
hand in at least one insect fat (6) these acids are known to be absent or 
present in only small amounts. 

Polyethenoid acids are commonly found in insect fats, although not in all 
species (5). In Melanoplus atlanis they belong to the C2o-Cz series, as is 
the case in fish fats. It is possible that in numerous reports of the presence 
in insect fats of linolenic acid (an acid otherwise rarely found in animal 
fats), the authors may have been dealing with acids belonging to the Cx 
and Cy series. 

Sulfur is present exclusively in the neutral fraction. It is not present 
as a phosphosulfatide (11) or as a cyclic sulfate of choline, such as that 
reported in a mushroom (12), since the fat contains neither phosphorus nor 
nitrogen. As the sulfur is not extractable by acids or alkalies, it is not 
present as a sulfonic acid or a urothion type of compound (13). On the 
other hand, the fact that it is split off from the fat by relatively mild 
hydrolysis makes it unlikely that it is a simple sulfoxide or sulfone, such as 
bis-8-hydroxyethy] sulfoxide (14) found in the suprarenals or the dimethyl 
sulfone that is found in suprarenals (15) and in blood (16) of cattle. Pos- 
sibly it consists of neutral sulfuric esters of alcohols of high molecular 
weight ; these might be either Cys-C,s monoalcohols, known to be present in 
insect waxes, or diglycerides, constituting in the latter case true simple 
“sulfatides” such as that isolated by Levene from cattle brain (17). 

The presence of sulfur in fats appears to be limited to certain insects. 
We have found it in Melanoplus atlanis and in Taeniopoda auricornis, which 
are both Catantopidae, Cyrtacanthacridae. It is absent from Sphena- 
rium purpurascens (18), which is an insect belonging to the Acridioidea but 
to a different family. We have found no sulfur in a wide variety of vege- 
table fats (olive oil, sesame oil, coconut oil, and chaulmoogra oil) and of 
animal fats (butter, hog fat, puma fat, turtle fat). 
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The one experiment on the toxicity of the neutral fat of Melanoplus 
ailanis is inconclusive. As the supply of material was limited, only one 
experiment on one mouse could be carried out. Furthermore it was noticed 
at the time that, after injection, the fat of Melanoplus atlanis became solid. 


We express our appreciation to Miss Maria Luisa Cascajares, whofurnished 
us the insects, and to Dr. Candido Bolivar-Pieltdin for the entomological 
classification and for his participation in the discussion of these results. 


SUMMARY 


1. The total lipid of the Mexican orthopteran Melanoplus ailanis Riley 
was fractionated and the components characterized. The outstanding 
features are the preponderance of stearic acid over palmitic acid and the 
high proportion of the Czo acids in the unsaturated fraction. 

2. The fat contains sulfur, as do other insect fats. This is found exclu- 
sively in the neutral fat, possibly in the form of neutral sulfuric ester. 
Phosphorus, nitrogen, and vitamin A are absent. 
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FATS OF INSECTS 
V. SPHENARIUM PURPURASCENS CHARPENTIER 
By FRANCISCO GIRAL 
(From the Laboratories of Hormona S. A., Mexico City, Mexico) 


(Received for publication, December 19, 1944) 


The writer has found sulfur to be present (1—4) in the fat of Taeniopoda 
auricornis Walker (1) and in that of Melanoplus atlanis Riley (2), two 
insects from the Catantopidae family (Cyrtacanthacridae) of the Acri- 
dioidea (Orthoptera). From preliminary chemical work it appears that 
this type of sulfur compound occurs in the Catantopidae family, but is 
absent from other animal or vegetable fats (1-4). The fat from Taeniopoda 
auricornis has been found to be toxic for rats and the toxicity appears to 
be related to the sulfur content. No conclusive evidence on this particular 
point has yet been obtained for the fat of Melanoplus ailanis. 

The present paper reports work on the fat of a third insect, Sphenarium 
purpurascens Charpentier (Pyrgomorphidae, Acridioidea), which is com- 
monly found in the outskirts of Mexico City. This fat has been found to 
contain no sulfur. It contains a very large proportion of free fatty acids, 
glycerides being either absent or present in very small amounts. This is a 
feature common to many insects (2, 4, 5), but not to all (3). There is a 
considerable amount of unsaponifiable material in the lipids obtained by 
extraction of the whole dried body of the insects with petroleum ether. 
The fat is found to be rich in palmitic and stearic acids, the former being 
more abundant than the latter. Among the unsaturated fatty acids both 
the Cys and Cyo series are present in considerable proportions, C,s predomi- 
nating. Triethenoid acids of series above Cis are also found. The same 
features are found in the fat of Melanoplus atlanis, although in this case 
stearic acid is more abundant than palmitic acid and the Cs» unsaturated 
acids are more abundant than those of the Cis series. The essential differ- 
ence between the fat of S. purpurascens and that of M. atlanis appears 
then to be the absence of sulfur in the former. This is all the more 
interesting in view of the fact that the presence of sulfur is common both 
to the fat of the M. atlanis and to that of the Taeniopoda auricornis, while, 
on the other hand, the fat of the latter differs from that of both S. purpur- 
ascens and M. atlanis by showing no free acids and by the absence of tri- 


ethenoid acids. 


EXPERIMENTAL 
The specimens were collected during the month of November, 1943, in 
the outskirts of Mexico City (Lomas de Chapultepec), males and females 
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being mixed, and were killed with petroleum ether. The mean fresh weight 
was determined by the counting and weighing of 100, 200, and 500 speci- 
mens, and was found to be 0.35 gm. per specimen. Since the total collee- 
tion weighed 1210 gm., it represents some 3450 specimens. They were 
dried in the sun to constant weight, and a residue of 390 gm. was obtained 
(32.2 per cent of the weight of fresh material), which after having been 
ground was extracted with petroleum ether (b.p. <60°) in a continuous 
extractor. 

The petroleum ether extract was dried with CaCl, filtered, and the 
solvent removed by vacuum distillation. The residue obtained weighed 
30.5 gm. This represents 2.52 per cent of the fresh weight and 7.82 per 
cent of the dry weight of the starting material. The residue was a solid 
mass with an orange-gray color and a characteristic odor reminiscent of 


TaBLe I 
Fractions of Methyl Esters of ‘‘Solid’’ and ‘‘Liquid’’ Acids 








Fraction No. Weight | ae S. e. | Iodine value 
gm. c. 
$1 1.342 | 155-158 266.5 11.1 
$2 1.050 158-161 276.3 14.0 
83 | 0.811 | 161-169 =| =. 285.1 17.0 
S4 2.289 | Residue 302.5 28.0 
Ll 1.011 155-166 263.5 79.9 
L2 1.350 166-170 280.5 95.7 
L3 1.330 | 170-174 290.9 111.1 
14 1.419 174-177 296.3 127.2 
L5 1.936 177-185 302.4 148.0 
L6 3.908 Residue 317.1 184.8 


| 





the odor of fish oils and similar to that of the lipid of Melanoplus ailanis. 
Its chemical constants were as follows: m.p. 26-30°, acid value 148.0, 
saponification No. 170, ester value 22.0, iodine value 93.8, Hehner’s index 
(total acids) 85.4 per cent, unsaponifiable material 10.9 per cent. Sulfur 
and nitrogen were absent. 

24 gm. of this preparation were saponified with alcoholic KOH; from the 
aqueous soap solution 2.61 gm. of unsaponifiable material were extracted 
with ethyl ether. The total acids (20.5 gm.) were liberated and separated 
by the lead salt method! into 6.5 gm. of “solid” and 13.0 gm. of “liquid” 
acids. These were esterified separately with methyl alcohol and the “solid” 
and “‘liquid’”’ methyl esters submitted to fractional distillation under 2 mm. 
pressure. The analytical data of the fractions are shown in Table I. The 


1 The high iodine values found for the “‘solid’’ fractions (Table I) are ascribable to 
the fact that the lead salts were not recrystallized. 
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approximate composition of the total (free and combined) fatty acids, 
calculated by the method of Hilditch ((6) p. 400), is shown in Table II. 

When a sample of the total “liquid” acids was treated with a solution of 
bromine in acetic acid, it gave a solid precipitate, insoluble in ethyl ether, 
which did not melt, but darkened at 200°. This observation suggests that 
the tri- or polyethenoid acid is not linolenic acid but belongs to the C2 


series. 


The author wishes to express his appreciation to Dr. Candido Bolivar- 
Pieltaéin for the entomological classification and for his assistance in the 
discussion of these results. 














TaBLe II 
Approximate Composition of Total Acids 
Chain length Saturated Unsaturated Mean unsaturation 

——$ | | 

per cent per cent | 

| | 

( } 14 2 . 9 | | 
Cis 14.8 9.6 —2.0H 

! 
Crs 11.4 | 35.5 | —2.9 « 
| ~4.7« 

| 


Cro 25.8 


| 





SUMMARY 


1. The total lipid of the Mexican orthopteran, Sphenarium purpurascens 
Charpentier, consists mainly of free fatty acids. The approximate com- 
position of the total acids has been determined. 

2. The fat of Sphenarium (Pyrgomorphidae) does not contain sulfur, a 
feature in which it differs from that of Melanoplus atlanis and Taeniopoda 
(Catantopidae). This leads us to suppose that the sulfur compound is 
specific for the family Catantopidae. 
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THE NATURE OF THE ANTIBACTERIAL AGENT FROM 
ANEMONE PULSATILLA* 


By HAROLD BAER, MARGARET HOLDEN, anp 
BEATRICE CARRIER SEEGAL 


(From the Department of Bacteriology, College of Physicians and Surgeons, 
Columbia University, New York) 


(Received for publication, October 10, 1945) 


Extracts of buttercups and Anemone pulsatilla' exhibit antibacterial 
action against a wide variety of microorganisms, including Gram-positive, 
Gram-negative, and acid-fast bacteria (1). The present report deals with 
the identification of the active principle of Anemone pulsatilla. 

Steam distillation of the dried and ground plants of Anemone pulsatilla 
resulted in a slightly turbid distillate with globules of a yellow oil floating 
on the surface. The aqueous fraction when shaken with chloroform 
yielded, after removal of the solvent in vacua, a pale yellow, irritating oil 
which completely solidified at room temperature within a few hours. This 
solid was proved, by mixed melting point, analysis, and color reactions? 
(2), to be identical with anemonin (I). It exhibited practically no anti- 
bacterial activity towards Escherichia coli, Candida albicans, and Staphylo- 
coccus aureus.® 

On the other hand, the pale yellow oil was highly active before it solidi- 
fied, and maintained its activity for many months when held at 5° in 1 per 
cent aqueous solution. Its identity with protoanemonin (II) (2, 4) was 
confirmed by comparison with samples synthesized according to the meth- 
ods of Muskat, Becker, and Lowenstein (4, 5) and of Asahina and Fujita 
(2). In the pure state it rapidly polymerizes to anemonin and higher 


polymers. 
EXPERIMENTAL 


Isolation of Protoanemonin—For the isolation of protoanemonin the 
procedure of Asahina and Fujita (2) was followed, except that the water- 
insoluble oil that collected in the steam distillate was removed prior to the 
extraction with chloroform. This oil, which was devoid of antibacterial 


* Conducted with the aid of a grant from the John and Mary R. Markle Foun- 
dation. 
1 Obtained from S. B. Penick and Company. 
* We are indebted to Dr. R. B. Woodward for a sample of anemonin. 
* Using different methods of testing, Boas and Steude (3) apparently found a high 
order of activity for anemonin. 
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activity, was obviously not identical with either protoanemonin or 
anemonin and was not further investigated. 

The protoanemonin was purified by repeated distillation with steam 
and extraction with chloroform. The solvent was removed under reduced 
pressure, with a bath temperature of 40-50°. The residue was analyzed 
within an hour. 


Analysis‘—C;H,O:. Calculated, C 62.5, H 4.18; found, C 62.9, H 4.63 


Antibacterial Activity—A comparison was made of the antibacterial ac- 
tivity of protoanemonin obtained from Anemone pulsatilla with that of 
the protoanemonin prepared synthetically. For the purposes of this com- 
parison three microorganisms were used, the Oxford strain of Staphylococcus, 
a strain of Escherichia coli, and a strain of Candida (Monilia) albicans. 
The tests were carried out by adding various dilutions of the different 


TaB_e I 
Comparison of Antibiotic Activity of Natural and Synthetic Protoanemonin 





| Highest dilution active against 











Protoanemonin tested | Staph | cae a 
— | Casein , | Candida 
| (Oxford) | hydrolysate  Tnfusion | albicans 
broth | 
From Anemone pulsatilla.............. -| 60,000 83,000 33,000 | 100,000 
Synthetic (Asahina and Fujita)........ | 33,000 83,000 33,000 | 62,000 
“ (Muskat et al.)...............| 50,000 | 83,000 25,000 | 125,000 





preparations to fluid media and seeding with constant amounts of the test 
organisms. The end titer was taken as that dilution of protoanemonin 
which completely inhibited growth in a standard period of time. Staphylo- 
coccus aureus (Oxford strain H) was grown in meat infusion broth of pH 
7.5; E. coli in two media, a casein hydrolysate medium! and a meat infusion 
broth both of pH 7.5; C. albicans was grown in 0.2 per cent glucose infusion 
broth of the same pH. 4.5 ml. portions of the media containing the anti- 
biotic substance were seeded with 0.5 ml. of a 10-* dilution of a broth culture 
of the test organism. 24 hour cultures of the Staphylococcus and E. coli 
and 48 hour cultures of C. albicans were employed to prepare this dilution. 
The tests were read after incubation at 37° for 18 hours in the case of the 
Staphylococcus and E. coli and after incubation at room temperature for 
48 hours in the case of C. albicans. 

The results of the tests are summarized in Table I. It will be seen that 


* We wish to thank Mr. William Saschek for the analyses. P 
5 Identical with the medium described by Fox (6) in which casein hydrolysate 18 
substituted for gelatin hydrolysate. 
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the antibacterial activity of the protoanemonin from the plants compares 
well with that of the synthetic products. This furnishes biological evi- 
dence that protoanemonin is the substance responsible for the antibacterial 
activity of Anemone pulsatilla. 


DISCUSSION 


Protoanemonin possesses particular interest, since it appears to be 
another member of a group of antibacterial agents which includes crepin 
(7), penicillic acid, and clavacin. These substances are characterized by 
the presence of a 5-membered unsaturated lactone ring and in addition 
have a highly reactive double bond system. They are further unique in 
being active against both Gram-positive and Gram-negative bacteria. 
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With this in view certain other lactones were examined with respect to 
their ability to inhibit the growth of Escherichia coli. Angelica lactone 
(a- or B-), one of the simplest of unsaturated lactones, inhibited growth 
when diluted 1000 times; anemonin (I), another unsaturated lactone, 
inhibited growth when diluted 2000 times. Treatment of any of these 
active lactones with alkali to an extent sufficient to hydrolyze the lactone 
ring results in loss of antibacterial power. 

Butyrolactone exhibited no activity when diluted only 500 times. How- 
ever, unsaturation per se is insufficient to account for the antibacterial ac- 
tivity, as may be demonstrated by a comparison of protoanemonin (IT) 
with such closely related open chain compounds as acetylacrylic acid 
(III), the hydrolysis product of protoanemonin, and vinylacrylic acid or its 
ethyl ester (IV, R = H or C.Hs). Compounds III and IV have no anti- 
bacterial activity. 
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SUMMARY 


The antibacterial agent of Anemone pulsatilla is shown to be proto- 


anemonin. 
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THE AMINO ACID REQUIREMENTS OF STREPTOCOCCUS 
FAECALIS AND THE USE OF THIS ORGANISM FOR 
THE DETERMINATION OF THREONINE IN 
NATURAL PRODUCTS* 


By IRENE TATMAN GREENHUT, B. 8. SCHWEIGERT, anp C. A. ELVEHJEM 


(From the Department of Biochemistry, College of Agriculture, University of 
Wisconsin, Madison) 


(Received for publication, August 30, 1945) 


Many workers (1-6) have successfully used microbiological methods for 
the assay of several amino acids in natural materials. Lactobacillus 
arabinosus has been used as the test organism in many of these studies. 
Stokes and Gunness (7) have shown that Lactobacillus arabinosus is not 
satisfactory for the assay of threonine. It was necessary therefore to find 
another organism which would give a quantitative response to threonine 
under all conditions. Since Mitchell and Snell (8), Luckey et al. (9), and 
Teply and Elvehjem (10) have used Streptococcus faecalis, American Type 
Culture Collection, No. 8043 (formerly (11) referred to as S. lactis R),' 
for the assay of “folic acid” and Snell and Guirard (12) have reported the 
qualitative amino acid requirements of this organism, the use of S. faecalis 
for the assay of the threonine content of natural materials was investigated. 

The amino acid requirements of this organism were ‘studied in detail 
and suitable techniques were devised for determining the threonine content 
of various protein materials. 


EXPERIMENTAL 


The constituents of the medium used in these studies, other than the 
amino acids, are identical to those reported by Teply and Elvehjem (10). 
The amino acid composition of the medium used for the preliminary work 
was identical to that used in earlier work with Lactobacillus arabinosus 
(Schweigert et al. (3)), with the exception of glycine and serine which were 
added at 0.2 and 1.0 mg. levels per tube, respectively. Snell and Guirard 
(12) showed that these amino acids were also required for Streptococcus 
faecalis. The complete composition of the medium used is given in Table I. 

The method of preparing the vitamin and the xanthine solutions was 


* Published with the approval of the Director of the Wisconsin Agricultural Ex- 
periment Station. Supported in part by a grant from the National Live Stock and 


Meat Board. 
' Niven and associates have shown that Streptococcus lactis R is an enterococcus, 


specifically Streptococcus faecalis. 
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the same as described by Luckey et al. (9). At the end of the 72 hour iney. 
bation period, the lactic acid was titrated with 0.1 N alkali, thymol blue 
being used as the indicator. All the other techniques were the same ag 
described by Schweigert et al. (3). 

The requirement of Streptococcus faecalis for each of the amino acids 
listed in Table I was tested by omitting the appropriate amino acid from 


TABLE I 


Basal Medium for Assay Studies with Streptococcus faecalis* 








Constituent Amount per tube Constituent —— 
| még. mg. 

NOD, ccnnacs én taH0ns | 200 l(+)-Glutamic acid........ ae 

Sodium citrate.......... | 250 l-Asparagine PS oe 4 

K,HPO, Pe a 50 l(+)-Lysine monohydrochlo- 

Salts B PO, cocOtetes cers crac sul poay 
MgSO,-7H:0...........| 2 dl-Threonine wt 2 
ic cd Ja. Fete inces 0.1 dl-Valine 2 
FeS8O,-7H,O........... 0.1 dl-Isoleucine 2 
MnS0O,-4H.0.......... 0.1 | dl-a-Alanine 1 

Adenine.... Sons a 0.1 | 1(—)-Cystine 2 

Guanine ! 0.1 l(+)-Leucine TP 

Uracil LO Po gig | dl-Methionine iV Chay 

Xanthine Kadiod 0.1 dl-Phenylalanine.............. i: ol 

¥ | (+)-Arginine hydrochloride. . 1 

I oso . . n.chs os ke-s 2 l(+)-Histidine monohydro- 

Ca pantothenate 4 chloride. date | 0.5 

Pyridoxine pune d 12 1(—)-Tyrosine. | 0.8 

Riboflavin 2 l(—)-Tryptophane | 

Nicotinic acid we 6 Glycine 2 

Biotin... ad ee 0.004 | dl-Serine 1 

Folic acid concentratef.. | 0.02 (B,) 








* In adapting this medium for the assay of threonine the following changes in 
amino acid concentration were made in accordance with the results obtained: ar- 
ginine, 0.5 mg.; serine, 0.5 mg.; and leucine, 1.0 mg. per tube. 

t Prepared according to the method of Hutchings et al. (13). 
to Mr. Keith McCall for supplying this preparation. 


We are indebted 


the basal medium. Several levels of each amino acid were then added and 
from the curves obtained by plotting the number of cc. of alkali used against 
the amino acid concentration the amount of amino acid required for maxi- 
mum growth was computed. These results and the titration obtained 
when none of the amino acid was added are given in Table II. Lack of 
growth as indicated by low acid production when the amino acid was 
omitted from the medium was taken as evidence for the essential character 
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of this amino acid. A summary of several assays indicates that alanine, 
tyrosine, phenylalanine, and glycine are stimulatory in their action. 


Amino Acid Requirement of Streptococcus faecalis 


TABLE II 

















Amino | Ami 
Blank acid per Blank acid per } 
Amino acid | ee A. Amino acid — Pas nol 2 
NaOH | maximum | NaOH | maximum 
| _ or | | | 
ce. | mg. a | ms. 
U(+)-Glutamic acid..... | 1.4 | 0.50 | U(+)-Arginine........ | 2.0 | 0.30 
l-Asparagine........... | 6.6 | 0.30 | l(+)-Histidine........ / 1.8 |- 0.10 
i(+)-Lysine............ 5.2 | 0.60 | l(—)-Tyrosine....... | es TF 
dl-a-Alanine............| 9.2 ° | Bertin: : 555s | 5.1 | 0.35 
is Ros ev thats | 2.6 6p | Givelee......<cers. | tei 
U(+)-Leucine...........| 3.2 0.25 | l(—)-Tryptophane....| 3.3 | 0.075 
dl-Isoleucine........... 2.1 | 0.50 | U(—)-Cystine.......... | 2.7 | 0.90 
dl-Phenylalanine....... Sah ie dl-Threonine.......... | 1.5 | 0.15 
dl-Methionine.......... 2.6 | 0.25 | All present........... / 1.5 | 





* Stimulatory. 





ML. 0.1 N NeOH 














50 
MICROGRAMS) ¢/- THREONINE 


100 


150 200 


Fig. 1. Typical dl-threonine standard curve 


When di-threonine was used as the standard, it was found to be 50 per 


cent as active as the naturally occurring isomer* (d(—)-threonine). 


In 


* We are indebted to Dr. R. T. Major of Merck and Company, Inc., for supplying 
some of the samples of threonine used in this work. 
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confirmation of the work of Stokes and Gunness (14) the unnatural isomer? 
(l(+-)-threonine) was found to be completely inactive. Standard curves 
were obtained by using dil-threonine over a range of 0 to 250 y per tube, 
A typical standard curve is shown in Fig. 1. Samples of muscle and organ 
tissues, casein, lactalbumin, soy bean oil meal, and ground corn were 
analyzed for threonine. In all cases the percentage of total nitrogen was 
determined in duplicate by the Kjeldahl method. The meat samples were 
also analyzed for moisture and fat. 








TaBLe III 
Prozimate Analysis of Animal Tissues 

Tissue Sample No. Moisture Fat Protein 
per cent per cent per cent 

Veal l 74.5 3.7 22.1 
2 74.3 3.9 20.6 

3 74.0 §.3 19.2 

4 74.0 2.5 22.0 

Pork l 54.8 28.5 16.3 
2 51.8 33.8 13.0 

3 55.7 25.4 18.8 

4 49.8 34.0 16.0 

Lamb l 58.2 24.2 16.4 
2 67.1 12.1 18.6 

3 67.7 12.2 18.6 

4 61.4 20.0 16.6 

5 63.1 16.9 17.5 

Beef ] 75.2 6.2 17.7 
“liver l 67.4 4.1 19.8 

2 69.5 4.1 20.0 

| 3 66.8 4.0 23.1 

* kidney 1 79.2 3.0 14.5 

| 2 14.6 

** brain l 79.1 8.8 11.3 

| 2 10.2 

** tongue 1 66.6 16.9 16.0 





2.0 n hydrochloric acid was tried as the hydrolytic agent for liberating 
the threonine from the protein, since this reagent was found to be satis- 
factory for liberating leucine, valine, and isoleucine from natural materials 
(3, 4). Maximum liberation of threonine occurred when a 1 gm. sample 
was autoclaved with 25 cc. of reagent for 2 to 5 hours. An autoclaving 
time of 5 hours was used for all subsequent assays. The stability of threo- 
nine to this procedure of hydrolysis was studied by adding di-threonine to 
several different samples of animal tissue prior to acid treatment. In 
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twelve different trials the recovery ranged from 89 to 115 per cent, with 
seven of the values falling between 94 and 104 per cent. 


TaBLe IV 
Threonine Content of Natural Foodstuffs 




















Foodstuff | Semple | Threonine| Threonine in | ‘Totai 1 | Threonine N of 
per cent per cent per cent per cent 

Veal 1 | 0.99 4.1 3.53 | 3.3 
2 0.78 3.8 3.30 | 2.8 
ie 0.7 4.0 3.07 | 2.9 
| 0.96 | 4.4 3.52 | 3.2 

3.1 (Average) 
Pork 1 0.78 4.8 2.56 | 3.5 
2 0.62 | 4.8 2.08 | 3.5 
3 0.66 | 3.5 3.01 | 2.6 
4 0.74 | 4.6 2.56 | 3.4 

| 3.3 (Average) 
Lamb 1 0.75 4.5 2.62 | 3.4 
2 0.80 4.3 2.98 3.2 
3 0.80 4.3 2.98 3.2 
4 | 0.70 4.2 2.66 3.1 
5 | 0.68 3.9 2.80 2.9 

| 3.1 (Average) 
Beef 1 0.65 3.7 2.83 2.7 
* liver 1 0.91 4.6 2.81 3.5 
2 0.90 4.5 3.20 3.3 
| 3 1.01 4.4 3.67 3.2 
kidney 1 0.64 4.4 2.34 | 3.2 
2 , 0.72 4.9 2.34 | 3.6 
brain 1 | 0.53 4.6 1.80 3.4 
2 0.48 | 4.7 1.63 | 3.4 
** tongue 1 0.76 4.7 2.56 | 3.5 
Ground corn 1 0.40 4.7 1.35 | 3.5 
Soy bean oil meal 1 i. wat 3.9 © 7.02 2.9 
Casein* Se 3.7 (3% 13.64 2.7 
Lactalbumin* 1 | 4.75 | 5.0 Ga) 15.4 3.7 











* All values are calculated to 16 per cent N. The values in parentheses are cal- 
culated to 15.6 per cent nitrogen for casein (Chibnall et al. (15)) and 15.4 per cent 
nitrogen for lactalbumin (Jones and Johns (16)). 


The proximate analyses of the various animal tissues are given in Table 
Ill. In Table IV are summarized the threonine data expressed as per 
cent of the sample as analyzed, per cent threonine in the protein (calcu- 
lated to 16 per cent N), and the per cent threonine N of the total N. 
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DISCUSSION 


It is evident from Table II that glutamic acid, asparagine, lysine, valine, 
leucine, isoleucine, methionine, arginine, histidine, serine, tryptophane, 
cystine, and threonine give standard responses with Streptococcus faecalis, 
Alanine, tyrosine, phenylalanine, and glycine seem to have only a stimula- 
tory action under the conditions of these experiments. This work suggests 
that Streptococcus faecalis can also be used for the estimation of methionine 
and histidine. 

The qualitative requirements for the amino acids as determined in the 
present work differ somewhat from those reported by Snell and Guirard 
(12). They reported that no decrease in the amount of growth resulted 
when methionine, valine, histidine, and isoleucine were omitted from the 
basal medium. They also reported that alanine was needed for the growth 
of Streptococcus faecalis but in the present work only a slight increase in 
growth resulted when levels of alanine up to 0.5 to 2.0 mg. per tube were 
tested; consequently 1 mg. per tube was used in all subsequent work. 
Undoubtedly the purity of the amino acids and the different assay tech- 
niques employed were largely responsible for the differences noted. 

The reliability of Streptococcus faecalis for the threonine assay has been 
shown by excellent recoveries and excellent checks obtained with different 
levels of the test samples. Autoclaving samples of animal tissues for as 
long as 18 hours with 2 n HC! did not result in an increase or a decrease in 
the values obtained. The adequacy of the method of hydrolysis was 
further established by the fact that no increase in values was obtained 
after autoclaving for 2 hours with 2N HCl. In the first half hour as much 
as 75 per cent of the threonine was liberated. The standard was shown to 
be reliable, since the naturally occurring isomer gave the same growth 
response to Streptococcus faecalis as twice that amount of di-threonine. 

There are no values in the literature for the threonine content of biologi- 
cal material determined by the microbiological method. However, the 
values obtained in this study compare reasonably well with those obtained 
by the chemical methods summarized by Block and Bolling (17, 18). The 
following comparisons can be made when both values are expressed as per 
cent threonine N of the total N and the microbiological values are given 
first: casein 2.7 and 2.9, lactalbumin 3.7 and 3.9, soy bean meal 2.8 and 
2.9, ground corn 3.5 and 2.6. 

It is interesting from a nutritional point of view that most muscle meats 
contain about 0.7 to 0.8 per cent threonine or approximately 4.0 per cent 
on a protein basis. When the results are expressed as per cent threonine 
nitrogen of total nitrogen, the values are remarkably constant for muscle 
meats. The values for the other tissues tend to be slightly higher but 
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many more values are needed before any significance can be attached to 
these small differences. It is clearly evident that lactalbumin contains 
more threonine than casein, because values of 5.2 and 3.8 are obtained 
when the calculations are made on the true nitrogen content. The values 
for the natural products are minimum when expressed as per cent threonine 
N of the total N, because some of the total N of these samples is non- 
protein N (Beach et al. (19)). It would be valuable to know the exact 
quantity of protein and non-protein nitrogen in each sample but many 
difficulties are involved in such determinations. With the improved 
methods for the estimation of amino acids now becoming available it may 
soon be possible to determine directly all of the amino acids in biological 
materials with considerable accuracy. When this can be done, the best 
procedure may be to calculate the N in each amino acid as per cent of total 
Nand the non-amino acid nitrogen can then be estimated by difference. 


SUMMARY 


The amino acid requirements of Streptococcus faecalis have been investi- 
gated. Leucine, threonine, glutamic acid, asparagine, lysine, valine, iso- 
leucine, methionine, arginine, histidine, serine, tryptophane, and cystine 
were required and alanine, tyrosine, phenylalanine, and glycine were found 
to be stimulatory. 

Streptococcus faecalis has been used for the assay of threonine in natural 
materials. Suitable recovery experiments and a study of methods of 
hydrolysis established the validity of the assay. 

The following values were obtained: animal tissue protein 4.1 to 4.7, 
casein 3.7, lactalbumin 5.0, soy bean oil meal 3.9, and whole corn 4.4 per 
cent threonine in the protein (calculated to 16 per cent N). The values are 
also expressed for each sample on the basis of the per cent threonine N of 
the total N. 
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DIETARY FACTORS IN THE REGULATION OF LIVER LIPID 
CONCENTRATION 


By PHILIP HANDLER 


(From the Department of Biochemistry, Duke University School of Medicine, 
Durham, North Carolina) 


(Received for publication, October 29, 1945) 


The administration of a liver extract (1) or biotin (2) to rats which had 
previously been fed a low protein diet with no B vitamin supplement for 3 
weeks has been observed to result in fatty livers despite the presence of an 
adequate supply of dietary choline. However, when inositol was also in- 
cluded in the diet, normal liver fat concentrations were found (3). The 
present paper describes an attempt to determine whether biotin or any 
other factors present in the liver extract play specific réles in the regulation 
of the liver lipids or whether they simply increase the demand for lipo- 
tropic factors by stimulating the appetite and growth of previously stunted 
rats. It was also hoped that the data might explain the need for dietary 
inositol under such conditions, since choline and methionine suffice to pro- 
vide normal fat concentrations in the livers of rats fed the usual synthetic 
rations, and to indicate whether other dietary factors such as tocopherol, 
vitamin K, and the unsaturated fatty acids also function in this system. 


EXPERIMENTAL 


The experimental procedure followed, as closely as possible, that used 
by McHenry and his coworkers (1-5). Male rats of the Vanderbilt strain 
(6) were grown to a weight of 80 gm. and then housed in individual cages 
and placed upon the depletion diet (A) for 3 weeks. ° Less than 6 per cent 
of the animals failed to survive this period, while the survivors usually 
weighed between 55 and 70 gm. They were then offered the diets shown 
in Table I and in addition all animals were given the following supplement 
by subcutaneous injection daily: thiamine 25 y, riboflavin 30 y, calcium 
pantothenate 100 y, pyridoxine hydrochloride 20 y, nicotinamide 50 y, 
p-aminobenzoic acid 100 y. The doses of the other supplements, when 
given, were choline 30 mg., inositol 30 mg., biotin 5 y, folic acid 5 7, a- 
tocopherol 200 y, and naphthoquinone acetate 20 y; and 0.1 ec. of refined 
corn oil was used as a source of unsaturated fatty acids. Both crystalline 
folie acid and a potent liver concentrate were used but no differences were 
observed in their effects. The liver extract was prepared by the procedure 
of McHenry and Gavin (1) and, when desired, 0.5 ec. was mixed with 
about 2 gm. of the proper diet and placed on top of the remainder of the 
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food in each individual feeding cup. This amount of extract provided 
about 5.5 mg. of choline, less than 2 mg. of inositol, about 2 of biotin, and 
appreciable quantities of folic acid. The latter was assayed against another 
liver standard and it is not possible to state the actual quantity present, 
All animals were sacrificed after 7 days, except when stated otherwise, and 
liver samples taken for analysis. Fatty acids were determined in the 
usual fashion (8) and cholesterol was estimated by the procedure of Schoen- 
heimer and Sperry (9). The results are summarized in Tables II and IT. 
Each value is the mean for a group of ten rats. 

When the low fat diet (B) was fed with only the basal supplement, fatty 
livers were obtained which were prevented by choline. Inositol appeared 
to have some lipotropic activity but it was not as marked as that of choline, 
The administration of liver extract resulted in fatty livers which were 
somewhat diminished in fat content by additional choline (the extract pro- 


TABLE I 


Composition of Diets 














DietA | DietB | DietC | DietD | DictE 
Casein ee te ee om pi ee ie en eo 
Sucrose 84 | 83.6 | 63.1 | 84 71.1 
Crisco. jataci.vsa | 20 10 
Salts (Hubbell et al. (7))......... | 4 4 | 4 4 4 
Cellulose eet oP 2 "= 2 2 2 
Sulfasuxidine | 1 1 
Cystine. . 0.4 | O04 | 0.4 
Cholesterol........ Wreresedl | 0.5 | 0.5 








vided only 5 mg. of choline per day) and more so by inositol, but prevented 
only by a combination of the two. When biotin was given in addition to 
the basal supplement, there were again found fatty livers partially re- 
sistant to the action of either choline or inositol alone but susceptible to 
their combined action. However, the biotin effect was not as pronounced 
as that of the liver extract in stimulating appetite, growth, or liver lipid 
content. These findings are all essentially in agreement with the findings 
of McHenry and Gavin (1-4). Since it seemed possible that folic acid 
might be the substance in liver extract which accounted for the difference 
between its action and that of biotin, the effects of this compound were 
studied. When given with the basal supplement, however, it appeared 
to have no effect on any of the factors which were measured and so it was 
tried in combination with biotin. The results with this combination 
were almost identical with those observed when the liver extract was used. 

When the high fat diet (Diet C) was employed, it was found that even 
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without liver extract, biotin, or folic acid, the presence of both choline and 
jnositol was required for the maintenance of normal liver lipid concentra- 
tions. It should be noted that Diet C provided 4.5 kilocalories per gm., 
while Diet B provided 3.7 kilocalories per gm. The effects of the liver 
extract and of the biotin-folic acid combination were even more pronounced 
on the high than the low fat diet; so that the administration of choline plus 
inositol did not provide normal liver lipid concentrations until the 2nd 








TABLE II 
Lipotropic Activity of Choline and Inositol on Low Fat Diet B Plus Basal Vitamin 
Supplement 
tat Liver fatty Liver 
sev Sas | Ee |e | 
| per cent 
gm. | _ . me, 
1 | None 9.1 | 6.0 | 18.743.1 | 0.51 
2 | Choline 11.7 | 5.9 | 5340.4 | 0.42 
3 | Inositol 11.2 | 5.7 | 16.8 + 2.9 | 0.39 
4 | Liver 22.3 | 11.6 | 23.4+ 3.6 | 0.93 
5 ‘« + choline | 24.4 11.1 | 20.7 + 1.9 | 0.82 
6 ‘* + inositol 19.7 | 12.2 8.4+ 0.6 | 0.47 
_— ‘* + choline 23.6 | 11.9 | 4820.3 | 0.36 
8 | Folic acid 10.3 | 6.1 | 2.2+1.7 0.56 
9 | Biotin 16.8 | 7.8 | 19.6242.4 | 0.74 
10 ‘« + choline 16.0 7.9 | 88+0.5 0.69 
| “ + inositol 17.2 | 7.7 | 13.641.8 | 0.55 
12 a ‘* + choline 17.6 8.3 46+0.3 | 0.32 
13 ‘« + folie acid 21.7 | 10.8 | 21.74 3.5 | 0.88 
14 “+ “ * + choline 19.9 11.7 18.4+ 2.7 0.80 
15 “+ “ “ + inositol (19.0 | 12.9 | 17.8+41.9 | 0.49 
16 Pm ae ar. Fa > + -21.1 11.9 5.32+0.3 | 0.31 
choline 
17 | Biotin + folie acid + inositol + | 19.6 | 11.8 | 10.4+0.7 | 0.41 
tocopherol 
18 | Biotin + folic acid + inositol + corn | 18.8 | 12.1 | 22.041.5 | 0.66 
oil 
19 | Biotin + folic acid + choline 24 days | 57.4 8.7 6.1+ 0.4 | 0.35 














week. Of considerable interest was the observation that on both diets 
supplementary choline alone was sufficient to obtain normal lipid concen- 
trations even in the presence of liver extract or biotin plus folic acid if the 
experiment was continued for 24 days. It should also be noted that no 
differential behavior between cholesterol and liver fat was found. The 
livers of highest fat content contained the greatest amount of cholesterol 
and livers of normal fatty acid concentration also were of normal cholesterol 
content. 
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Since biotin, folie acid, and inositol are normally available to the rat 
from synthesis by the intestinal microorganisms, it seemed possible that 
the effects of these substances might better be studied in animals in which 
the intestinal synthesis was inhibited by the incorporation of dietary sulfa. 
suxidine (succinylsulfathiazole). The technique was similar to that above, 
All animals were depleted for 3 weeks on Diet D which differed from Diet 4 
only in that it contained sulfasuxidine, and then were switched to Diet E 
which also contained sulfasuxidine and whose fat content was intermediary 



































Taste II! 
Lipotropic Activity of Choline and Inositol on High Fat Diet C Plus Basal Vitamin 
Supplement 
- Liver fa i 
one Supplements Saige | aE | acetn tn) ce 
om |S") ae | ee 
I 
1 | None 22.1 6.3 | 26.1 + 3.6 | 0.94 
2 | Choline 23.3 | 5.9 | 11.8240.8 | 0.76 
3 | Inositol 20.8 | 6.0 | 17.241.9 | 0.69 
4 ‘“ 4 choline 23.8 | 6.4 | 7.3+0.6 | 0.39 
5 | Liver 40.8 | 10.4 | 27.3 + 4.4 | 1.37 
6| “ + choline 36.4 | 11.1 | 19.9+43.1 | 0.90 
7 ‘* + inositol 39.1 | 10.7 | 14.9+41.7 | 0.74 
8 c+ ‘* + choline 42.2 | 11.4 | 11.7 + 0.8 | 0.63 
9 o 4 oc 4+ * 14 days | 73.0 | 9.6 | 5.8+40.3 | 0.37 
10 | Biotin + folic acid 137.9 | 11.2 | 25.943.7 | 1.2 
il « 4 « 4 choline 38.4 | 10.8 | 18.141.6 | 0.90 
12 oe 4 ee 4 14 days | 66.8 | 9.6 | 11.2 +0.6 | 0.60 
13 deve, Ngee wk toll “os. © 79.3 | 8.9 6.0 + 0.5 | 0.34 
4); “ + “ © + inositol 5.1 | 10.4 | 19.7 + 2.4 | 0.77 
15 ayy a ee + 40.2 | 11.3 | 10.341.8 | 0.54 
choline 
16 | Biotin + folic acid + inositol + 64.9 | 10.0 | 5.1+40.3 | 0.33 
choline 14 days 














between that of Diets B and C but did contain cystine and cholesterdl. 
The same basal supplement was also given to these animals but without 
p-aminobenzoic acid. The results are summarized in Table IV. Each 
figure represents the mean of a group of ten rats. 

The results were essentially in agreement with those found previously. 
Again choline alone was sufficient to maintain normal liver lipid concentra- 
tions (Group 2) unless biotin and folic acid were present (Groups 8 and 15). 
The effects of biotin alone (Group 10), however, were less notable than in 
the previous experiments, presumably because of the diminished supply of 
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folic acid from intraintestinal synthesis, while folic acid alone (Group 11) 
exerted even less effect than biotin alone. The combination of choline 
plus inositol always served to regulate the liver lipids unless unsatu- 
rated fatty acids were given (Group 9) or tocopherol were lacking 
(Group 13). However, neither of these effects was very marked and may 
not be real. No effect ascribable to the presence or absence of vitamin K 
was noted, although it must be stated that no prothrombin time deter- 
minations were performed on the blood of animals in Group 16, and in fact 


TasLe IV 
Effect of Sulfasuxidine on Liver Fat Concentration 
All animals received Diet E + the basal vitamin supplement. 





























. Soe 2 Toc- | Naph- " “ Liver fatty No. of rats 
Group | Cho- | Inosi-| Bio- | Folic _ | tho- | Corn | Food | Weight} ._: with — 
No. | line | tol | tin acid | > | aui- oil | intake ee “standard error | Demorthagic 

PE Pp sl fogied otf ori 
1}0/0!0/0!]0/)]01] 0 | 5.8] 15.2} 18.2+2.2 2 
2}+|)/0/0]0!/]0)| 0]! 0 | 59] 14.0} 4840.3 0 
3) 0} +) 0) 0/0} 0} O | 5.6) 15.7] 10.1 + 1.1 2 
4;/0/+/0/] 0) 0] 0 | +] 52) 13.7)222434) 4 
5/0 | 0 +] +) +] +) 0 | 8.8 | 26.1 | 27.4 43.2 | 6 
o)+) t+) +] +] +] +/| 0 | 10.2) 37.6 71406) 0 
7/0}; +/+) +{]+]+)] 0 | 9.9] 82.4) 23.2427 4 
$i+/o0;}+] + bi Si ke 9.6/29.1/16441.8; 1 
9}+/+/+/+]+4+]4+!] 4+ /]106/353] 82208) 0 
W)+,) oO; +) O; +] +] O | 7.8) 21.5) 8141.0 0 
Mit) OO; Oj}; +] +] +] 0 | 7.0) 2.7) 7.040.3 0 
2i+/0/;0;0/;+{]+{ 0] 54/146] 5020.2 0 
wi} +)+i+i{]+i]o0+;}+! 0 | 100/281] 92405); 2 
Mj o|/+/+/+]0/]+4+]0 | 93/264/25436/ 7 
6) +} 0 }+)] + tear 9.9 | 30.1 | 21.0 + 3.1 4 
16 ai all Divi te O | O | 10.4) 34.0) 7.1204) 0 
mee | O | +h Lhe 7.9/ 71.3) 8.9 40.7 0 
b acoch int. Shily lh. Mal | | | (24 days) 














no specific deficiency symptoms of biotin, folic acid, or inositol ever were 
noted. In contrast to the former results, however, was the finding that 
tats given choline, folic acid, and biotin still appeared to require dietary 
inositol after 24 days (Group 17). 

The inhibition of the lipotropic action of inositol by unsaturated fatty 
acids reported by Beveridge and Lucas (10) was confirmed in both series of 
experiments (Table II, Group 18; Table IV, Group 4). Some suggestive 
evidence of a synergism between inositol and tocopherol was also obtained 
in both series. This can be seen in Table II by comparing Groups 15 
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and 17. In the sulfasuxidine series, when biotin and folic acid were given, 
in the absence of choline, inositol plus tocopherol (Group 7) was slightly 
more effective in regulating the liver lipid than was inositol alone (Group 
14). Further, even when choline was included with biotin, folic acid, and 
inositol, slightly fatty livers were found when no tocopherol was given 
(Group 13), while when choline and tocopherol were not included in the 
supplement the highest concentrations of liver lipids and the greatest inei- 
dence of hemorrhagic kidneys were observed (Group 14). However, there 
was no evidence that tocopherol exerted any lipotropic influence of itself 
(Group 5). 


DISCUSSION 


In the recent work of MacFarland and McHenry (5) it was found that, 
while inositol alone was sufficient to control liver lipid concentrations when 
liver extract was administered, the combination of choline and inositol 
was required when crystalline biotin was given. On this basis the authors 
sought to distinguish between the biological activity of the liver extract 
and that of biotin and also between the mechanisms involved in the lipo- 
tropic actions of choline and inositol. However, the liver extract used 
contained about 20 mg. of choline per cc. according to Gavin and McHenry 
(2) and since the dose used by the former authors was 2.0 ec. per day they 
supplied approximately 40 mg. of choline per day in the liver extract. In 
consequence, the addition of further choline to the diet could not have been 
expected to have any lipotropic action and only inositol was required to 
secure normal liver lipid concentrations. In our present work, the liver 
extract provided only 5.5 mg. of choline per day; so that further choline as 
well as inositol was required to regulate the liver lipids. 

While biotin and folic acid, under the specific conditions employed in 
this work, definitely increased the demand for dietary lipotropic factors, 
there is no evidence that either of these substances actually plays a specific 
role in lipid metabolism. When liver extract or biotin plus folic acid as 
well as the basal supplement was included in the diet of rats which had 
previously existed on a diet seriously deficient in all of these factors, there 
occurred a much greater increase in food consumption and growth than 
that seen when only those members of the vitamin B complex which are 
normally required to be present in the diet of the rat (basal supplement) 
were given. Under these circumstances then it would seem reasonable to 
expect an increased demand for lipotropic factors; i.e., choline and inositol. 
The demand for inositol diminished as the appetite and growth stimulation 
by the folie acid-biotin combination tapered off. This occurred when the 
rats had attained a size not much smaller than that of animals of a com- 
parable age on the same basal diet (which is low in protein) supplemented 
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with the basal vitamin mixture but never previously depleted. At this 
point also it seems likely that the intestinal flora which normally provides 
the biotin, folic acid, and inositol for rats on diets devoid of these factors 
js again established and capable of meeting the requirements for these 
substances. This is borne out by the finding that when sulfasuxidine, 
folic acid, and biotin were given there was still a small demand for inositol 
after 24 days. Such a point of view seems reasonable also when one con- 
siders the demand for inositol as well as choline when the high fat diet was 
fed without any liver extract, biotin, or folic acid. It is consistent also 
with the previous observations (8, 11-13) that fatty livers due to choline 
deficiency are not found in animals which are, for any reason, losing weight 
and that the extent of the accumulation of liver fat in choline deficiency is 
roughly proportional to the food consumption and growth rate, particularly 
in young rats. From this standpoint, there is no real justification for the 
use of the term “‘biotin fatty liver.” 

Probably the significance of the present study lies in the suggestion that 
a diet which is seriously inadequate in the usual accessory food factors may 
aot only result in the deterioration of the host animal but also of the symbi- 
otie microorganisms in the bowel and thus produce a deficiency of the 
factors ordinarily provided by these organisms for their host. Further, 
since there is an increased appetite and over-all metabolism during the 
period of convalescence from any disease in which there is appreciable 
weight loss, there may then occur an increased demand and consequent 
relative deficiency in the supply of those vitamins provided by the intes- 


tinal organisms, as their synthetic powers may well be limited. 


The present work does confirm the lipotropic action of inositol, although 
it does not suggest any mechanism for this behavior. In contrast to 
previous suggestions (3, 5) the data do indicate that inositol exerts no 
selective activity for cholesterol esters rather than the glycerides. The 
possibilities remain that it functions either by the formation and trans- 
port of inositol-containing phospholipids or as a phosphorylating catalyst, 
perhaps similar to phytic acid, which accelerates the formation of the nitro- 
genous phospholipids. This possibility is now being investigated. How- 
ever, it does appear that even in the absence of dietary choline inositol 
exerts lipotropic activity. The antagonistic action of the highly un- 
saturated fatty acids was also confirmed. 

Of interest is the repeated suggestion that tocopherol may also function 
in this system. The effects noted, while quite small, were consistent and 
in keeping with evidence from other sources. Thus Milhorat and Bartels 
(14) have suggested that a tocopherol-inositol ether may be an active agent 
in reducing the creatinuria of human muscular dystrophy. Dam and 
Glavind (15) have found that inositol prevents the exudative diathesis of 
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vitamin E-deficient chicks, a form of capillary damage which may be 
similar or analogous to the hemorrhagic kidneys of choline-deficient rats, 
and that inositol prevents the deposition in the soft tissues of vitamin R- 
deficient animals (16) of a brown pigment somewhat similar to the ceroid 
in cirrhotic livers due to choline deficiency (17). In both instances the 
accumulation of this pigment is dependent upon a source of unsaturated 
acids, usually a fish liver oil (16, 18, 19). The deposition of such a pigment 
in the muscle, both smooth and striated, of vitamin E-deficient animals 
has been a consistent finding (20). While Dam has stated that no toco- 
pherol was found in an alkaline hydrolysate of a lipocaic preparation (16), 
this problem warrants further investigation, since inositol has been impli- 
cated as an active component of such preparations (21) although it cannot 
of itself entirely account for lipocaic activity (22). Further, we are now 
determining the effects of inositol and tocopherol on the deposition of 
ceroid in cirrhotic livers due to choline deficiency. 

This work was supported by grants from the Josiah Macy, Jr., Founda- 
tion, the Duke University Research Council, and a Charles B. Mayer 
fellowship of the New York Academy of Medicine. Our thanks are due to 
Dr. Thomas L. Jukes and Dr. E. L. R. Stokstad of the Lederle Laboratories, 
Inc., for their generous gift of folic acid, to Merck and Company, Inc., for 
the other crystalline vitamins used in this work, and to Dr. Dean Burk for 
a biotin analysis of the liver extract. 


SUMMARY 


The administration of biotin plus a basal B vitamin supplement to rats 
which had previously been fed a low protein diet with no B vitamins re- 
sulted in fatty livers despite the presence of adequate amounts of dietary 
choline. This was accompanied by a considerable increase in food con- 
sumption and growth. The further addition of folic acid accentuated these 
phenomena, although folic acid without biotin did not produce these effects. 
Inositol prevented the accumulation of liver fat without affecting either 
appetite or the growth rate. When a relatively high fat diet plus the basal 
B vitamin supplement was given to previously depleted rats, inositol was 
again found necessary to maintain normal liver lipid concentrations even 
in the absence of supplementary biotin, folic acid, or liver extract, and 
the effects of biotin plus folic acid were even more pronounced on this diet. 
However, if the experiments were continued for 24 days, choline alone 
sufficed to provide normal liver fat concentrations, as the food consumption 
and growth rate declined after the Ist week with a consequent decrease in 
the demand for dietary lipotropic factors to a level at which the supply 
of inositol from synthesis by the intestinal flora was sufficient to meet the 
inositol requirement. When sulfasuxidine was included in both the deple- 
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tion ration and the experimental diet, the effects of the biotin-folic acid 
combination were again manifest but neither alone markedly affected 
appetite, growth, or liver lipid concentrations. However, the demand for 
dietary inositol was still apparent even after 24 days, presumably because 
of inhibition of intraintestinal synthesis. The inhibition of the lipotropic 
action of inositol by unsaturated fatty acids was confirmed and suggestive 
evidence was obtained for a synergistic activity of inositol and tocopherol 
in this system, although tocopherol of itself exerted no apparent lipotropic 
activity. The significance of these findings is discussed. 


BIBLIOGRAPHY 


. MeHenry, E. W., and Gavin, G., J. Biol. Chem., 184, 683 (1940). 

Gavin, G., and McHenry, E. W., J. Biol. Chem., 141, 619 (1941). 

Gavin, G., and McHenry, E. W., J. Biol. Chem., 189, 485 (1941). 

Gavin, G., and McHenry, E. W., J. Biol. Chem., 182, 41 (1940). 

. MacFarland, M. L., and McHenry, E. W., J. Biol. Chem., 159, 605 (1945). 

. Wolfe, J. M., Bryan, W. R., and Wright, A. W., Am. J. Cancer, 34, 352 (1938). 

Hubbell, R. G., Mendel, L. B., and Wakeman, A. J., J. Nutr., 14, 273 (1937). 

. Handler, P., and Dann, W. J., J. Biol. Chem., 146, 357 (1942). 

. Schoenheimer, R., and Sperry, W. M., J. Biol. Chem., 106, 745 (1934). 

. Beveridge, J. M. R., and Lucas, C. C., J. Biol. Chem., 167, 311 (1945). 

. Handler, P., and Bernheim, F., J. Biol. Chem., 148, 649 (1943). 

. Handler, P., J. Biol. Chem., 149, 291 (1943). 

. Handler, P., J. Biol. Chem., 164, 203 (1944). 

. Milhorat, A. T., and Bartels, W. E., Science, 101, 93 (1945). 

. Dam, H., and Glavind, J., Science, 96, 235 (1942). 

. Dam, H., J. Nutr., 27, 193 (1944). 

. Lillie, R. D., Ashburn, L. L., Sebrell, W. H., Daft, F. S., and Lowry, J. V., Pub. 

Health Rep., U. S. P. H. S., 61, 502 (1942). 

18. Endicott, K. M., Arch. Path., 37, 49 (1944). 

19. Wachstein, M., Proc. Soc. Exp. Biol. and Med., 69, 73 (1945). 

2. Mason, K. E., in Harris, R. S., and Thimann, K. V., Vitamins and hormones, 
New York, 2 (1944). 

21. Abels, J. C., Kupel, C. W., Pack, G. T., and Rhoads, C. P., Proc. Soc. Ezp. 
Biol. and Med., 64, 157 (1943). 

22. Owens, F. M., Jr., Allen, J. G., Stinger, D., and Dragstedt, L. R., Federation 

Proc., 1, pt. 2, 65 (1942). 


sce 


SS — 
3 Sac S 





— &. SS .= SSH mH S&S @espestY és os Si - . » ae 















0 eet tee ee ae pe initia oe, aE RR 











THE EFFECT OF RIBOFLAVIN ANALOGUES UPON THE 
UTILIZATION OF RIBOFLAVIN AND FLAVIN ADENINE 
DINUCLEOTIDE BY LACTOBACILLUS CASEI* 


By HERBERT P. SARETTT 
(From the Department of Chemistry, Oregon State College, Corvallis) 


(Received for publication, August 28, 1945) 


Since new analogues of riboflavin have been synthesized which inhibit 
the growth of rats and of microorganisms which require riboflavin (1-3), 
it was decided to test the effect of some of these compounds upon the 
utilization of riboflavin and flavin adenine dinucleotide (FAD) for growth 
of Lactobacillus casei. Other compounds structurally related to riboflavin 
were also studied. 

It has been shown that isoriboflavin, 5,6-dimethyl-9-(d-1’-ribityl)- 
isoalloxazine, which inhibits the growth of rats on diets free of or low in 
riboflavin (3), has less than 0.5 per cent of the activity of riboflavin for 
Lactobacillus casei and has no effect upon acid production by this organism 
in the presence of maximal amounts of riboflavin (4). The present experi- 
ments show that isoriboflavin markedly stimulates acid production by 
Lactobacillus casei in the presence of suboptimal levels of riboflavin or FAD. 
Snell and Strong (5) observed similar effects of other riboflavin analogues 
on the growth of lactic acid bacteria. 

The ribitylamino compound, 1-ribityl-2-amino-4 ,5-dimethylbenzene, 
also has slight riboflavin-like activity and an augmenting effect upon the 
utilization of riboflavin. However, the addition of alloxan (which can be 
condensed synthetically with the ribitylamino compound to form riboflavin 
(6)) permits better utilization of the ribitylamino compound and suggests 
some synthesis of riboflavin by the bacteria. 

The diaminophenazine compound (2 ,4-diamino-7 , 8-dimethy]-10-ribityl- 
5,10-dihydrophenazine), synthesized by Woolley, competitively inhibits 
the utilization of riboflavin for growth of Lactobacillus casei, as was reported 
(2) and has the same effect upon the use of FAD. 

Lumiflavin, 6 ,7 ,9-trimethylisoalloxazine, has both an inhibitory and a 
stimulatory action upon the growth of Lactobacillus casei. In the presence 
of relatively large amounts of lumiflavin the growth with riboflavin is 


*Apreliminary abstract of this paper has appeared (Federation Proc., 4, 101 (1945)). 
Published with the approval of the Monographs Publication Committee, Oregon 
State College Research Paper No. 97, School of Science, Department of Chem- 
istry. This work was supported by the Nutrition Foundation, Inc. 

1 Present address, Tulane University Medical School, New Orleans, Louisiana. 
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inhibited. As the amount of riboflavin is increased, a zone is reached jn 
which the acid production is increased in the presence of lumiflavin. How- 
ever, lumiflavin inhibits the utilization of FAD for growth of Lactobacillus 
casei at much lower concentrations than are required for inhibition of ribo- 
flavin activity. In this respect the data presented on inhibition by lumi- 
flavin are similar to those reported for thiamine and diphosphothiamine 
inhibition by pyrithiamine (7). 


EXPERIMENTAL 
Methods 


The experiments were carried out with Lactobacillus casei, and either the 
alkali-treated peptone medium of Snell and Strong (8) or the hydrolyzed 
casein medium of Landy and Dicken (9). The biotin content of the latter 
medium was decreased to one-fifth of that of the original, since it was found 
to be present in large excess. Growth was determined by pH measure- 
ments after 24 hours of incubation at 37° or by titration of the acid produced 
in 72 hours. For experiments involving titration of acid produced, the 
glucose concentration of the medium was doubled and the acetate content 
tripled to provide better growth curves (10). However, for best results 
with pH values the original concentrations of glucose and acetate were 
used. 

Graded amounts of riboflavin or FAD and other substances to be tested 
(at pH 6.8) were measured into tubes, diluted to 5 ml., and 5 ml. of medium 
added. (Some of the compounds studied were sterilized by filtration and 
added to the cooled tubes after autoclaving, but prior to inoculation.) 
The tubes were covered with glass caps, autoclaved, and each inoculated 
with 1 drop of a suspension of Lactobacillus casei, prepared by diluting 1 ml. 
of an actively growing 20 to 24 hour culture with 15 ml. of sterile saline. 
Unnecessary exposure of all solutions to light was avoided. 


Results 


Isoriboflavin (5 ,6-Dimethyl-9-(d-1'-ribityl)-isoalloxazine)—The _ utiliza- 
tion of isoriboflavin! and its effect upon growth with suboptimal amounts of 
riboflavin and FAD were studied with the peptone and casein media. 
Table I shows the riboflavin-like activity found on both media with 0 to 
0.1 y of added riboflavin in the presence of 1 to 300 y of isoriboflavin. The 
response obtained with isoriboflavin alone is not proportional to the amount 
present. It is not known whether any part of this activity is due to traces 


1A sample of isoriboflavin was generously supplied through the courtesy of Dr. 
Gladys A. Emerson and her associates at the Merck Institute for Therapeutic Re- 


search. 
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of riboflavin in the isoriboflavin. With the peptone medium the per cent 
activity of isoriboflavin (compared to riboflavin) decreases from 0.4 to 
0.04 as the amount of isoriboflavin is increased from 1 to 300 y. Con- 
yersely, the per cent activity of isoriboflavin added to the casein medium 
increases from 0.01 to 0.05 as the level of isoriboflavin is increased to 300 y. 
The peptone medium supports more growth in the blank tubes than does 
the casein medium (Fig. 1). This is presumably due to the presence of 
more riboflavin in the basal peptone medium than in the casein medium. 


TABLE I 


Stimulation by Isoriboflavin of Utilization of Riboflavin for Growth 
of Lactobacillus casei 








Riboflavin-like activity found* 











Growth medium Isoriboflavin | Riboflavin present 

| 0.0 y | 0.025 y 0.05 + | 0.075 y 0.14 

Y Y 7 Y Y Y 
Peptonet | 1 | 0.004 | 0.05 0.08 0.15 | 0.18 
10 =| «(0.025 | 0.09 | 0.14 0.21 0.23 
50 | (0.06 | 0.11 | 0.17 | 0.25 0.27 
100 «=| 0.07 | 0.144 | 0.24 | 0.28 
300 0.11 | 0.22 | 0.26 | 0.31 
Caseint 10 =| 0.001 | 0.12 | 0.16 | 0.30 | 0.40 
| 50 ~=|— «0.011 | 0.15 | 0.25 | 0.35 | 0.43 
/ 100 | 0.06 | 0.22 | 0.28 | 0.37 | 0.42 
| 300 | 0.14 | 0.27 | 0.82 | 0.39 | 0.41 


* Measured by the acid produced in 72 hours. All values are given in terms of 


microgram per tube (10 ml.). 
t See the text. 





Since the apparent activity of isoriboflavin is increased in the presence of 
small amounts of riboflavin, this may partially account for the greater 
response to the smaller amounts of isoriboflavin on the peptone medium. 

In the presence of added riboflavin, however, isoriboflavin stimulates 
acid production more with the casein medium than with the peptone me- 
dium and shows a greater riboflavin-like activity. This may be seen in 
Table I and Fig. 1. Fig. 1 shows the acid production of Lactobacillus casei 
in the presence of graded amounts of riboflavin on both media, and with 10 
7 of isoriboflavin per tube. The same effects of isoriboflavin are obtained 
when FAD is substituted for riboflavins The difference in stimulatory 
action of isoriboflavin on the two media may be due to differences in the 
protein degradation products in thetwo media, as is suggested by the fol- 
lowing experiments on riboflavin assay of foods and tissues. Isoriboflavin 
was added to the basal medium (10 y per tube) in an attempt to increase 
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the sensitivity of Lactobacillus casei to riboflavin (Fig. 1) and to permit 
more accurate assay of low potency foodstuffs and tissues. The stimula. 
tion of isoriboflavin decreased as increasing amounts of food extracts 
(enzymatic digests or acid hydrolysates) were added, resulting in a “down. 
drift”’ of riboflavin values at higher levels of assay. This ‘‘downdrift” 
was greater when the casein medium was employed and was especially 
marked when foods of high protein content were analyzed. 

Ribitylamino Compound (1-Ribitylamino-2-amino-4 ,5-dimethylbenzene) 
and Alloxan—The ribitylamino compound? has about 0.003 per cent of the 
activity of riboflavin when incorporated into the medium at levels of 200 
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Fig. 1. The effect of isoriboflavin (10 y per tube) upon the acid produced by Lacto- 
bacillus casei in the presence of graded amounts of riboflavin. The broken line 
curves are for the casein medium, the solid lines for the peptone medium. The 
two lower curves represent acid production with the basal media. 


and 400 y per tube (Table II). In the presence of graded suboptimal 
amounts of riboflavin, its riboflavin-like activity increases. Alloxan, which 
can be added to the ribitylamino compound to produce riboflavin syn- 
thetically (6), cannot replace riboflavin for growth of Lactobacillus casei 
and has no effect upon its utilization of riboflavin. However, when both 
the ribitylamino compound and alloxan are added, activities as high as 
0.35 per cent of that of riboflavin are obtained (based upon the ribityl- 
amino compound added). Table II shows the effect of the addition of 
mixtures of these two compounds either before or after autoclaving. The 
growth obtained with no added riboflavin and the stimulation in the pres- 
ence of riboflavin are decreased by autoclaving the ribitylamino compound 


? The ribitylamino compound was made available by Dr. H. M. Wuest of Hoffmann- 
La Roche, Inc. This compound was also used in the synthesis of the diaminophen- 
azine analogue of riboflavin. 
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and alloxan. In the presence of 10 y of the ribitylamino compound, the 
molecular equivalent of alloxan (5 y of the monohydrate) produces the 
same effect as does a large excess of alloxan (100 y). The effect of these 
compounds is the same in the presence of FAD or of riboflavin. Foster 
(4) has shown that this ribitylamino compound is oxidized by Pseudomonas 
riboflavina 63 per cent as rapidly as is riboflavin. This compound competes 
with riboflavin for the active centers on the riboflavin-oxidizing enzyme 
of this organism (4). 

Diaminophenazine Compound (2 ,4-Diamino-?7 ,8-dimethyl-10-ribityl-d , 10- 
dihydrophenazine)—The diaminophenazine compound was synthesized 


TaBLe II 


Stimulation by Ribitylamino Compound and Allozan of Utilization of Riboflavin for 
Growth of Lactobacillus casei 





| Riboflavin-like activity found* 

















| 
Rhitylamino | Allonan mono Riboflavin present 

| 0.0y | 0.025 | 0.05 y 0.17 0.15 
7 | Y | Y | 7 7 Y Y 
200 0.009 0.036 | 0.063 0.12 
400 | 0.018 | 0.04 | 0.09 0.15 

| 500 | 0.00 | 0.02 | 0.05 0.10 0.15 
25 a ee 4 | 0.10 0.15 0.20 
25t 2t | 0.12 | | 0.17 
50 50o | (0.10 | 0.15 | 0.20 
10 5 | 000 | | 0.058 0.13 0.18 
1 @868| 100 | 0.00 0.056 0.125 | 0.18 











* The casein medium was used and the riboflavin-like activity was determined by 
pH measurements after 24 hours. 

t In this experiment the ribitylamino compound and the alloxan were sterilized 
by filtration and added to the test after autoclaving. 
by the method of Woolley (2), who has shown that this compound com- 
petitively inhibits the utilization of small amounts of riboflavin for growth 
of Lactobacillus casei. The present experiments (Table III) show that 
riboflavin and FAD are inhibited to the same extent by the diaminophen- 
azine. The inhibition is competitive and is overcome by excess riboflavin 
or FAD. The inhibition by the diaminophenazine differs from that of 
lumiflavin (shown below) in that the effects on riboflavin and FAD are 
the same. 

It is interesting to note that the data in Table III show an inhibition of a 
rather constant amount of riboflavin (about 0.019 y) by 0.5 mg. of the 
diaminophenazine in each instance. Similarly, the inhibition of FAD 
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Sample I by lumiflavin (presented in Table IV) is also constant in each 
series, and is what would be expected if 25 and 50 y of lumiflavin counter. 


Tasie III 


Inhibition by Diaminophenazine Compound of Utilization of Riboflavin and Flavin 
Adenine Dinucleotide (FAD) for Growth of Lactobacillus casei 








Inhibition of growth in presence of 0.5 mg. diaminophenazine per tubet 
Riboflavin or FAD added* oe Se a ee 
Riboflavin FAD 








7 | per cent per cent a 
0.0 100t 100t 
0.02 80 90 
0.04 58 55 
0.06 28 20 
0.08 24 18 
0.12 17 17 


* The amounts of riboflavin and FAD are given in terms of riboflavin (microgram 
per tube) for comparison on a molecular basis. 
t Diaminophenazine was sterilized by filtration and added after autoclaving. 
The peptone medium was used and growth measured by pH readings after 24 hours, 
t The final pH of these cultures was the same as the uninoculated medium. Inoeu- 
lated blank tubes in the absence of inhibitors show a pH change of 0.2 to 0.3. 





TaBLe IV 
Stimulatory and Inhibitory Effects of Lumiflavin upon Utilization of Riboflavin and 
Flavin Adenine Dinucleotide (FAD) for Growth of Lactobacillus casei 


Activity in presence of lumiflavint 


Riboflavin or FAD oo 
50 y lumiflavin 








added* 25 y lumiflavin 
Riboflavin FAD Sample It Riboflavin FAD Sample It} FAD Sample IIt 
y per cent per cent mn per ool per cent ’ per cent 

0.025 125 0 20 0 0 
0.05 120 50 108 0 0 
0.1 120 70 140 50 0 
0.15 120 83 120 63 0 
0.20 100 75 0 


* The amounts of riboflavin and FAD are given in terms of riboflavin (microgram 
per tube) for comparison on a molecular basis. 
+ The casein medium was used and growth measured by pH readings after 24 hours. 
t Sample I of FAD was kindly supplied by Dr. Margaret E. Greig of Vanderbilt 
University, Sample II by Dr. Oliver H. Lowry of The Public Health Research Insti- 
tute of the City of New York, Inc. 


acted the effect of 0.025 and 0.05 y of FAD, respectively, at each level at 
which inhibition is obtained. 
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Lumiflavin (6,7 ,9-Trimethylisoalloxazine)—Lumiflavin was prepared 
from riboflavin by alkaline photolysis according to the method of Warburg 
and Christian (11). This compound has both an inhibitory and a stimu- 
latory action upon the use of riboflavin or FAD for growth of Lactobacillus 
casei (Table IV). With both the casein and peptone media (24 or 72 hour 
readings) relatively large ratios of lumiflavin to riboflavin curtail acid 
production, whereas with smaller ratios (more riboflavin or less lumiflavin), 
jumiflavin has an augmenting effect. When FAD is supplied to the organ- 
ism in place of riboflavin, lumiflavin inhibits growth at much lower ratios 
than are required for riboflavin inhibition (Table IV). This is not due to 
the inability of L. casei to use FAD as well as riboflavin, since in the absence 
of inhibitors L. casei utilizes equivalent amounts of riboflavin, riboflavin 
phosphate, and FAD equally well for growth and acid production. 

The data in Table IV show the effect of lumiflavin upon the utilization 
of two samples of FAD. These were analyzed for riboflavin microbiolog- 
ically and were found to contain not more than 2.5 and 10 per cent of FAD, 
provided all of the riboflavin present was bound as FAD. It is likely that 
some free riboflavin or riboflavin phosphate was present, especially in 
Sample I, since this was not inhibited by lumiflavin to the same extent as 
was Sample II. It was observed that the inhibition by lumiflavin de- 
creased when solutions of FAD were kept in the refrigerator for a few weeks. 

The greater inhibition by lumiflavin of the -utilization of FAD than of 
riboflavin by Lactobacillus casei is analogous to the increase in inhibition 
by pyrithiamine when diphosphothiamine replaces thiamine as a growth 
factor for Lactobacillus fermenti (7) and suggests that similar mechanisms 
may exist for the phosphorylation of these vitamins. Since riboflavin is 
converted to riboflavin phosphate or to FAD for use in cellular enzymes 
(12), part of the inhibition of riboflavin activity may be due to blocking 
of the conversion of riboflavin to one of its conjugated forms. However, 
lumiflavin inhibits the utilization of FAD more than of free riboflavin. 
This suggests that lumiflavin competes with both riboflavin and FAD at 
the place of attachment of the riboflavin moiety to the protein portion of 
the enzymes, and that in the presence of lumiflavin, riboflavin has a greater 
affinity for these centers than does FAD. It also indicates that riboflavin 
can be converted to FAD after it is attached to an enzyme protein. 

Hydrolysis of FAD—For assay of riboflavin by microbiological or fluoro- 
metric methods, samples are usually hydrolyzed first by dilute acid or 
digested enzymatically (13, 14). Similar values are obtained by both 
methods. Abraham (15) has shown that dilute acid hydrolysis splits FAD 
into riboflavin phosphate and adenylic acid. Experiments with Lacto- 
bacillus casei were performed to determine the effect of lumiflavin upon the 
utilization of riboflavin phosphate prepared in this manner, and to ascertain 
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the extent of digestion of FAD by a mixture of papain and taka-diastase 
The results in Table V show that acid-hydrolyzed FAD (riboflavin phos- 
phate) is inhibited less by lumiflavin than is the original FAD. Mono. 
phosphothiamine is similarly inhibited less by pyrithiamine than js 
diphosphothiamine (7). Enzymatic digestion of FAD results in a prepa. 
ration which responds to lumiflavin-like free riboflavin. Since riboflayin, 
riboflavin phosphate, and FAD are utilized equally well by Lactobacillus 
casei, and since the fluorescence of riboflavin and riboflavin phosphate jg 
the same,’ riboflavin values obtained microbiologically or fluorometrically 
should be the same if complete extraction is obtained by acid or enzyme 


TABLE V 


Effect of Lumiflavin upon Utilization of Acid-Hydrolyzed and Enzyme-Digested 
Riboflavin and Flavin Adenine Dinucleotide (FAD) by Lactobacillus casei 





Activity in presence of 25 y of lumiflavint 











Riboflavin or 
FAD added* | Acid- E - Acid-hyd Enzyme- 
| Riboflavin hydrolyzed digested | FAD Sample | {77a FAD | digested FAD 
: : Il} 
. riboflavin riboflavin Sample IIt ple It 
y | per cent per cent | per cent per cent | per cent | per cent 
0.05 100 112 110 0 0 ; 110 
0.1 120 125 120 0 0 127 
0.15 113 120 | 18s ,* Pe 120 
0.20 125 110 120 0 73 118 








* The amounts of riboflavin and FAD are given in terms of riboflavin (microgram 
per tube) for comparison on a molecular basis. 

t The casein medium was used and growth measured by pH readings after 4 
hours. 

t See the corresponding foot-note to Table IV. 


digestion. However, FAD provides only about 20 per cent of the fluo 
rescence of riboflavin or of riboflavin phosphate® at pH 5, and should be 
split by one of these methods before fluorometric analysis. 


DISCUSSION 


Although isoriboflavin competitively inhibits the utilization of riboflavin 
for the growth of rats (3), it is not oxidized at all by the riboflavin-oxidizing 
enzyme of Pseudomonas riboflavina (4) and it stimulates growth with 
riboflavin for Lactobacillus casei. Analogues of other vitamins have also 
been shown to differ in their effects upon different animals and bacteria 
(16, 17). The ribitylamino compound has an effect similar to that of iso 
riboflavin upon the growth of L. casei, but to a much smaller extent. This 


* Personal communication from Dr. Oliver H. Lowry. 
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compound, however, is oxidized by Pseudomonas riboflavina at 63 per cent 
of the rate of riboflavin oxidation (4). Upon the addition of alloxan, 
[. casei increases its utilization of the ribitylamino compound from 0.003 
per cent of that of riboflavin to 0.35 per cent, suggesting some synthesis 
of riboflavin from the ribitylamino compound and alloxan. 

Banerjee, Dittmer, and du Vigneaud (18) have presented a method for 
assay Of alloxan by condensation with an excess of the ribitylamino com- 
pound, and measurement of the riboflavin formed by microbiological or 
fuorometric techniques. According to the present findings, bacterial 
growth would be stimulated by the excess ribitylamino compound and by 
the riboflavin formed. The data of Table II suggest that the preliminary 
condensation may be omitted and that alloxan may be measured by the 
growth of Lactobacillus caset on a medium containing a known amount of 
the ribitvlamino compound. With both methods adequate correction for 
the original riboflavin content of the samples would be necessary. 

Isoriboflavin and the ribitylamino compound produce the same stimu- 
latory effects when FAD is supplied to the organism in place of riboflavin. 
The diaminophenazine compound which inhibits the utilization of ribo- 
flavin by Lactobacillus casei (2) curtails the use of FAD to the same extent. 
It appears that these three compounds have their main effects upon the 
use of the riboflavin-containing enzymes and have little or no effect upon 
the conversion of riboflavin to FAD. 

With different ratios of lumiflavin to riboflavin, there are found inhibi- 
tory and stimulatory effects of lumiflavin upon the growth of Lactobacillus 
casei. FAD is inhibited by lower concentrations of lumiflavin than is 
riboflavin. This is analogous to the stronger inhibition by pyridinesulfonic 
acid of the use of cozymase than of nicotinic acid or amide (19) and to the 
increased inhibition by pyrithiamine of the utilization of diphosphothiamine 
than of thiamine (7). All three of these inhibitors seem to compete with 
the linkage of the respective vitamin or of its coenzyme to the enzyme 
proteins. 

Kuhn and Rudy (20) have postulated that riboflavin phosphate is at- 
tached to the enzyme protein at two places; namely, by the 3-imino group 
in the isoalloxazine ring and through the phosphoric acid group. Di- 
phosphothiamine also appears to be attached to its protein at two points; 
namely at the 6-amino group of the pyrimidine ring and a phosphoric acid 
group (21). On the basis of the greater inhibition of the utilization of 
diphosphothiamine than thiamine by pyrithiamine and by 6-aminopyrimi- 
dines, it has been suggested that thiamine is attached to its apoenzyme 
before being phosphorylated (7). The inhibition of riboflavin and FAD 
by lumiflavin is similar to the thiamine inhibition and suggests that ribo- 
flavin is also attached to its enzyme protein at the 3-imino position before it 











96 UTILIZATION OF RIBOFLAVIN AND FAD 


is converted to riboflavin phosphate or to FAD. If riboflavin were cop. 
verted to FAD before being attached to its protein, the utilization of ribo. 
flavin should be inhibited by lumiflavin to an equal or greater extent than 
is found for FAD. Since lumiflavin inhibits the use of FAD more than jt 
does of riboflavin, it appears that the 3-imino group of riboflavin may haye 
a greater affinity for the enzyme proteins than does that of FAD. Although 
Kuhn and Rudy (20) have shown that riboflavin phosphate is bound to its 
enzyme more firmly than is free riboflavin, this is due to its two bindings 
to the protein. Lumiflavin competes only with the linkage of the 3-imino 
group to the enzyme, and it is the affinity of this group that may differ 
in the three forms of riboflavin. 

In the case of carboxylase, Westenbrink et al. (21) have shown that the 
naturally occurring form contains diphosphothiamine which is tightly 
bound to protein, whereas in the reconstructed enzyme (formed by addition 
of diphosphothiamine to alkaline washed yeast) the linkage is highly dis- 
sociable. The intact enzyme is also more active than the reconstituted 
form (21). Ratner, Nocito, and Green (22) have isolated a flavoprotein 
enzyme, glycine oxidase, in an undissociated form which is about 4.5 times 
as active (on the basis of FAD) as the reconstructed enzyme. These 
authors conclude that the kinetics of combination determine the rate of 
activity (22). These further similarities between riboflavin and thiamine 
enzymes make it appear likely that riboflavin, like thiamine, is attached 
to an enzyme protein before it is converted to riboflavin phosphate or to 


FAD. 
SUMMARY 


The effects of various analogues of riboflavin upon the utilization of sub- 
optimal amounts of riboflavin and flavin adenine dinucleotide (FAD) by 
Lactobacillus casei have been studied. 

Isoriboflavin and 1-ribitylamino-2-amino-4,5-dimethylbenzene possess 
little riboflavin-like activity by themselves, but are able to stimulate the 
utilization of riboflavin and FAD by Lactobacillus casei. In the presence 
of alloxan the riboflavin-like activity of the ribitylamino compound is 
markedly increased. 

The diaminophenazine analogue of riboflavin competitively inhibits the 
utilization of riboflavin and FAD to the same extent. 

Lumiflavin can either inhibit or stimulate the use of riboflavin or FAD 
by Lactobacillus casei, depending upon the relative amounts of lumiflavin 
present. The inhibition by lumiflavin is much greater when FAD is 
supplied as a growth factor in place of riboflavin. The data suggest that 
riboflavin may be attached to an apoenzyme before it is converted to 
riboflavin phosphate or to FAD. 
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Lactobacillus casei utilizes riboflavin, riboflavin phosphate, and FAD 


equally well for growth and acid production. FAD is hydrolyzed to 
riboflavin phosphate by weak acid, and to riboflavin by enzymatic digestion. 
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THE FRACTIONATION AND PHOTOMETRIC ESTIMATION OF 
THE ESTROGENS IN HUMAN PREGNANCY URINE 
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(Received for publication, September 26, 1945) 


In a previous publication (1) we described a liquid chromatogram for 
separating the trihydroxy estrogen (estriol) from the mono- and dihydroxy 
estrogens (estrone and a-estradiol). We have modified and extended this 
technique to accomplish quantitative separation of ternary mixtures of 
crystalline estrone, a-estradiol, and estriol. Furthermore, we have suc- 
cessfully incorporated the liquid chromatogram in a procedure for the 
colorimetric estimation of estrone, estradiol, and estriol fractions in human 
pregnancy urine. Such fractions have been estimated by bioassay tech- 
niques (2, 3) but, as the work of Taylor et al. (4) has shown, small errors 
inherent in the fractionation procedures may be enormously magnified 
by the bioassay. 

Bachman and Pettit (5) have adequately discussed the nature of the 
difficulties encountered in the application of colorimetric methods to the 
determination of estrogens in human pregnancy urine, in their partial solu- 
tion to the problem. (Estriol and estrone-estradiol fractions were photo- 
metrically determined by them in pregnancy urine containing a minimum 
of 1000 y of estriol and 500 y of estrone-estradiol per liter.) In accord 
with the Bachman and Pettit concept of the problem we have developed 
a purification and fractionation procedure which removes, most of the 
chromogenic impurities which might adversely affect reliable photometric 
determinations with the highly specific Kober reagent (6). This was ac- 
complished by means of the liquid chromatogram. 

This report covers (a) a demonstration of the ability of the liquid chro- 
matogram quantitatively to fractionate ternary mixtures of crystalline 
estrone, a-estradiol, and estriol, and (b) a test of its suitability as an adju- 
vant to the preparation of estrogenic fractions from human pregnancy 
urine of sufficient purity for satisfactory colorimetry. 


EXPERIMENTAL 

Reagents— 

Activated alumina, Alorco F-20 “minus 80 mesh” (Aluminum Ore 
Company, East St. Louis, Illinois), was further screened to 100 to 200 mesh 
by rapid brushing in standard screen scales (W. S. Tyler Company, Cleve- 
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land, Ohio) in 100 to 200 gm. batches and stored in tightly stoppered bottles, 
No batch was kept over 30 days after screening.’ 

Kober’s reagent (6) prepared and employed essentially as described by 
Venning et al. (8). Crystalline estrone, a-estradiol, and estriol in the 
concentration range of 10 to 80 7 were found to obey Beer’s law and the 
following calibration constants were used to calculate the amounts of each 
estrogen in each test in micrograms: K (estrone) 0.00837; A (a-estradiol) 
0.00523; K (estriol) 0.00737. The final Kober color products obtained 
by testing urine residues from the chromatographic filtrates were further 
purified by washing with an equal volume of ethyl acetate. This 
procedure removes impurities without affecting the pink pigment produced 
by the estrogens. Since the ethyl acetate quickly separates above the 
aqueous phase, the operation may be carried out in the same colorimeter 
tube in which the color was developed. Ethyl acetate is somewhat soluble 
in the final Kober test solution and a number of partition experiments 
have revealed that the final volume of the ethyl acetate-washed Kober 
test solution is increased to 17.0 + 0.2 ml. Hence, all photometric density 
measurements on ethyl acetate-washed Kober tests are multiplied by the 
factor 1.13 in order to utilize the same calibration constants as for un- 
treated tests, for which the final volume is 15.0 ml. 

The Bachman phosphoric acid reagent was used essentially as described 
by Bachman (9). 

The Zimmermann reagent (10) was used as described in a previous 
publication (1). 

Normal butyl alcohol (Baker’s c.p.) was redistilled under reduced pres- 
sure in an all-glass apparatus. 

Benzene (Baker’s c.p., thiophene-free) was stored over sodium wire and 
distilled in a dry all-glass apparatus. 

Methyl alcohol, absolute (Merck reagent), was stored over activated 
alumina (Alorco F-20, 80 to 100 mesh) and distilled in a dry all-glass 
apparatus. 


1 Standardization studies similar to those reported by Brockmann and Schod- 
der (7) are in progress in this laboratory on a number of adsorbents and will form the 
subject matter of asubsequent paper. We have found that with ordinary precautions 
to exclude moisture, surprising uniformity in activated alumina may be maintained. 
Two 5 pound packages of Alorco F-20, used over a period of 15 months, have shown 
very slight deterioration. The following visual standardization technique has 
proved valuable in checking the activity of our preparations: 1.0 ml. of a 0.2 per 
cent solution of Sudan I (1-benzeneazo-2-naphthol, The Coleman and Bell Company, 
Norwood, Ohio) in benzene is diluted to 30 ml. with the same solvent and added tos 
200 mm. column (13 X 300 mm. tube). The dye should appear in the filtrate only 
after washing the column with 45 to 55 ml. of 2 per cent methanol-benzene and should 
be completely removed from the column after washing with 80 ml. 
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Ethyl ether, U. S. P., was shaken with a 1 per cent solution of ferrous 
sulfate in water, washed with water, and distilled. The purified solvent 
was stored in the refrigerator. 

Apparatus— 

Chromatographic apparatus. The apparatus previously described (1) 
was modified to utilize a 13 X 300 mm. instead of a 19 X 200 mm. tube. 
A cylindrical glass cup of 100 ml. capacity was attached by means of a 
glass joint to the top of the chromatographic tube. 

Urine extractor. The extraction chamber of an unassembled Koch type 
of extractor (Scientific Glass Apparatus Company, catalogue No. 140, 
J-1589) was set up to accommodate a motor-driven glass stirrer. 

The Evelyn photoelectric colorimeter (11) with the accompanying set 
of light filters was used for measuring the color intensity of the test solu- 
tions. The concentration of estrogen in micrograms was calculated in 
each test from the formula, C = L/K where L = 2 minus the galvanometer 
reading and where K has been determined by standardization with known 
quantities of each estrogen. 


Procedure 


Preparation of Urine Residue Suitable for Liquid Chromatogram—The 
following example will describe the entire procedure. The 24 hour urine 
specimen was collected in a bottle containing 100 ml. of butyl alcohol as a 
preservative. Within 24 hours after completion of the collection, the speci- 
men was acidified (to Congo red paper) with hydrochloric acid. It was 
then extracted four times with 0.125 volume of butyl alcohol by slow stir- 
ring in the extraction chamber (150 to 200 r.p.m.). About 5 minutes were 
allowed for each stirring and a similar interval for separation of the two 
phases. Each butanol fraction was drawn off and clarified by slow centri- 
fugation. The combined extracts were distilled under a partial vacuum 
and final traces of solvent removed from the flask by the addition and 
distillation of 30 ml. of water under similar conditions. The residue was 
dissolved in 100 ml. of 0.2 N sodium hydroxide and the solution diluted to 
a 400 ml. volume with water. The aqueous extract was transferred to a 
500 ml. wide mouthed Erlenmeyer flask and acidified with 10.0 ml. 
of concentrated hydrochloric acid. The flask was then covered with an 
inverted beaker and autoclaved at 15 pounds steam pressure for 3 hours. 

The cooled hydrolyzed urine extract was extracted four times with 0.25 
volume of ethyl ether. The combined ether extract was washed two times 
with 0.1 volume of 9 per cent sodium bicarbonate solution and two times 
with 0.05 volume of water. The ether extract, which should be free from 
any ether-insoluble material at this point, was then concentrated to a 
Volume of 50 ml. and extracted four times with an equal volume of normal 
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sodium hydroxide solution. The combined sodium hydroxide extract was 
backwashed with 0.1 volume of ether, after which it was acidified (to litmus 
paper) with hydrochloric acid and reextracted three times with 100 ml. 
volumes of ether. The ether extract was washed two times with 0,] 
volume of 9 per cent sodium bicarbonate solution, two times with 20 ml. 
and once with 10 ml. of 2.5 per cent sodium carbonate solution. The 
combined sodium carbonate extracts were backwashed with 100 ml. of 
ether and the backwashing added to the main ether extract. The 
combined ether extract was then washed with 30 ml. of 9 per cent sodium 
bicarbonate solution and finally washed two times with 25 ml. of water, 
The ether was evaporated to dryness and the residue taken up in a measured 
volume of ethanol from which suitable aliquots were transferred to test- 
tubes for evaporation. The tubes were stored in vacuo over anhydrous 
calcium chloride until used for preparation of the liquid chromatogram. 

Preparation of Liquid Chromatogram—aA column of activated alumina 
of definite length (200 + 2 mm.) was prepared by filling the assembled 
apparatus to approximately 20 mm. above the 200 mm. mark and vigor- 
ously tapping the side of the tube with a cork grip penholder until the 
alumina settled to constant height. A negative pressure was then applied. 
The estrogen residue was treated as described in a previous publication (1) 
with the following slight modifications. The column was first wet with 
20 ml. of pure benzene and the hormone residue (dissolved in 0.4 ml. of 
absolute methanol and diluted with 20 ml. of pure benzene) added just 
before the pure benzene had completely entered the column. 50 ml. instead 
of 75 ml. of benzene were used as a developer. In the distribution experi- 
ments 10.0 ml. volumes of the appropriate eluent were successively added 
to the column and collected in separate flasks. In routine fractionation 
procedures each eluent (100 ml.) was collected in toto. The entire liquid 
chromatogram operation should not require more than | to 2 hours time. 
After removal of the solvents by distillation, suitable aliquots of the residue 
were prepared for colorimetry as previously described (1). 


Results 


Table I summarizes the data from a number of distribution studies on 
single estrogens in a liquid chromatogram, with various proportions of 
methanol-benzene mixture as eluents. The results obtained indicate that 
at least 100 ml. of pure benzene may be used safely without the appearance 
of a measurable amount of estrogen in the filtrate. Since 2, 5, and 30 per 
cent methanol-benzene mixtures appeared to be satisfactory eluents respec- 
tively for estrone, a-estradiol, and estriol, singly, a number of distribution 
studies were made on ternary mixtures with these three eluents succes- 
sively. Fig. 1 shows the distribution of a ternary mixture containing 
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TaBLeE I 


Distribution of Single Estrogens Eluted from Chromatographic Column of Activated 
Alumina* by Successive 10 Ml. Washings of Various Eluents 
































| Per cent of total es in each washing determined 

Esperi- by Kober reagent 

ment | Estrogen, 2007 | Eluent 

™ | | ast | and | ard | ath | seh | th | 7th | sth | 9eh | 10th 
1 | Estrone | Benzene 0 | 0; 0; 0} 0) 0) 0 | 0; 0/ 0 
2 4 | 2% M.-B. |0 | 0] 0| 2/40} 30/14] 8| 4] 2 
3 se 15% 10 | 0} 80} 8| 3] 2] 0} O| 0] O 
4 “ 10% “ 'o | 80/11} 5/ 0} 0} 0! 0] 0} 0 
1 | a-Estradiol Benzene | 0 0; 0; 0; O} O; 0; 0; O| O 
2 si | 2% M.-B. 0 0; 0 4d ed F. 0 
3 - + 0 0; 0; 0; O| 3) 13) 24) 24) 18 
‘ “ m% “ |0/0 5| 36) 30/13) 5) 3 2/ 0 
1 Estriol Benzene }0 | O; O} OF; 0; O} 0|' 0; 0; 0 
2 - 20% M.B. lo | 0 O| 5] 8| 9| 11] 15) 

3 oe 20% “ }0 | 4) 20/20) 15/10) 7) 5| 3 3 
4 p }40% “ |5 | 41/17/11] 6] 3] 2] 0] O 




















M.-B. = methanol-benzene. 
* Alorco F-20, 100 to 200 mesh, column length 200 mm. in 13 X 300 mm. tube. 
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Fig. 1. The distribution of a ternary mixture of estrone, a-estradiol, and estriol 
(1.0 mg. each) in a liquid chromatogram. Each filtrate fraction corresponds to 
ml. of eluent added. The ordinate gives the percentage recovery of each estrogen 
and the abscissa, the number of filtrate fractions. 


10 mg. each of estrone, a-estradiol, and estriol. In these experiments 
involving mixtures of the estrogens, the Zimmermann test, which is specific 
among the three estrogens for estrone, and the Bachman phosphoric acid 
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test, which is specific for estriol, were employed. It can be seen that 
100 ml. volumes of each of the three methanol-benzene eluents successively 
applied to a ternary mixture give adequate chromatographic dispersion 
of,the three estrogens to form the basis for quantitative fractionation. 


TABLE II 


Separation and Recovery of Known Amounts of Crystalline Estrogens from Ternary 
Miztures by Liquid Chromatogram 














Total estrogen found (5) Recov 
: | | of 
a. TT Color reagent 2 per cent 5 per cent | 30 per cent | estrogen 
M.-B. M.-B. M.-B. [e) - 
(estrone) (a-estradiol)| (estriol) | (b) 
7 | i 7 | per cent 
1 200 O. Zimmermann 200 0 0 100 
50 D. Kober 55 110 
100 T. Bachman 75 | 75 
2 100 O. Zimmermann 105 0 0 105 
200 D. Kober 180 90 
50 T. Bachman 38 76 
3 50 O. Zimmermann BO 0 0 100 
100 D. Kober 100 100 
200 T. Bachman 160 80 
4 No O. Zimmermann 0 0 0 
No D. Kober 0 0 
1000 T. Bachman 750 75 
5 200 O. Zimmermann 208 0 0 104 
100 D. Kober 110 110 
300 T. Bachman 220 74 
»5* 8 
6 500 O. Zimmermann 540 0 0 108 
500 D. Kober 520 104 
2000 T. Bachman . 1600 80 
125* 6 
61* 4 








O. = estrone; D. = a-estradiol; T. = estriol. M.-B. = methanol-benzene. 
* 50 ml. of additiofal 30 per cent methanol-benzene eluent were added. 


Determination of Estrogen Content of Known Solutions—Table II presents 
data from a number of experiments performed to test the quantitative 
features of the fractionation process. In these experiments, each eluent 
was collected in toto and tested for estrogen content by means of the three 
color reagents. A 10 ml. washing of the column with pure benzene was 
routinely interspersed between the 2 and 5 per cent methanol-benzene 
eluents and collected with the 2 per cent methanol-benzene filtrate. There 
is maximal recovery of estrone and a-estradiol in the appropriate fractions 
and there is consistent recovery, to the extent of 70 and 80 per cent of the 





29 FR} & 


a 








B. F. STIMMEL 105 


estriol, in the first 100 ml. of the 30 per cent methanol-benzene filtrate. 
A number of experiments similar to Experiments 4 to 6 in Table II have 
demonstrated that the low recovery of estriol is in no way attributable to 
loss of estriol in the preceding chromatographic fractions, but rather to 
the diffuse nature of the trailing boundary common to many chromato- 
graphic zones. Higher concentrations of methanol in benzene or further 
washing with 30 per cent methanol-benzene causes contamination of the 
eluate with impurities which impair the use of color reagents, especially 
when urine residues are involved. 

Recovery of Estrogens Added to Essentially Estrogen-Free Urine Extract— 
Table II] summarizes the data from a series of recovery tests in which 
known amounts of the three estrogens were added, at various points in 
the purification process, to extract of pooled urine from a castrated female. 
The.amounts added were of an order anticipated to simulate pregnancy 
urine. Experiments 1 and 2 in Table III indicate that the reaction of the 
Kober reagent proceeds independently with estrogens and with urinary 
impurities present in the filtrate residues. The recovery of estrone and 
a-estradiol added to the urine extract just previous to application of the 
liquid chromatogram is maximal and recovery of estriol is in the range of 
75 to 80 per cent, which would be expected from results with simple benzene 
solutions (Table I1). Experiments 3 to 5 in Table III show that known 
amounts of estrone and a-estradiol added immediately after hydrolysis to 
the butyl alcohol extract of castrated female urine may be carried through 
the entire purification and fractionation procedure and recovered in satis- 
factory yields. The low recoveries (57 to 69 per cent) in this series of 
added amounts of estriol were materially improved in subsequent studies 
with pregnancy urine by inclusion of an ether backwashing of the aqueous 
sodium carbonate washings.” 

Recovery of Estrogens Added to Pooled Pregnancy Urine Extracts Imme- 
diately after Hydrolysis—Table IV contains a few of a number of experi- 
ments which were carried out to test the adequacy of our extraction and 
purification procedures when applied to pooled pregnancy urine extracts 
subsequent to hydrolysis. These and other similar studies have demon- 
strated that estrone and a-estradiol can be recovered in the appropriate 
filtrate fractions in the range of 80 to 100 per cent and estriol in the range 
of 75 to 83 per cent. 


*Partition studies of estriol between equal volumes of ethyl ether and 2.5 per 
tent sodium carbonate solution in our laboratory have averaged 60 per cent recovery 
ii the estriol in the organic solvent phase. This is significantly lower than the 
Bachman and Pettit (5) recovery of 80 per cent with the 9.0 per cent sodium carbonate 
slution and more nearly in agreement with Mather’s (12) value of 65 per cent with 
03 sodium carbonate. 
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Measurement of Estrogens Excreted by Normal Subjects in Early to Mid. 
Pregnancy—Preliminary observations on the estimation of estrone, estra- 
diol, and estriol fractions in 24 hour urine specimens are presented in 
Table V. The ratio of L-520 mu/L-420 my for each Kober color produet 


TaBLeE III 


Recovery of Crystalline Estrogens Added to Extract of Pooled Urine of Human 
Female Castrate, Subsequent to Hydrolysis 


The results are expressed as micrograms per unit aliquot (800 ml. of urine). 





Urine Total | Sertoe 




















Experi- . . Filtrate equivalent | estrogen |. 
meat | Pointe daed | Medel” | "Noo | cetior | comestby | Toy | Telia 
try | Teagent estrogent 

} ed | mi. Y 

1 | | None | 1 400 | 15t | 0.59 | 

| 2 | 400 | 19t 0.65 | 

| 3 | 400 | 30¢ | 0.62 | 
2 | Residue just before) 500. | 1 | 400 | 70 2. | 110 
colorimetry | 50D. | 2 | 400 | 65 2.1 | 9% 
| SOT. | 3 | 40 | 7 2.4 | 94 
3 Residue just before! 5000. | 1 | 80 540 9.2 | 105 
adsorption | 250 D. 2 200 | 268 5.9 | 100 
|}1000T. | 3 | 40 | 8s 8.9 | 8 
4 | Aliquot just after | 500 O. 1 | 8 | 470 8.2 | 9 
hydrolysis | 250 D. | 2 | 200 | 244 4.5 % 
| 1000 T. 3 40 | 620 7.5 | 8 
5 | “ a | S00. | 1 | so | 490 8.5 | 9% 
| | 20D. | 2 | 20 | 19 | 3.0 86 
pipe }100T. | 3 | 100 | 715 | 10.5 | 6 
6 | “ “ | 500. | 1 | 80 | 500 8.0 | 9 
500D. | 2 | 20 | 490 6.5 | 4 
| 1000T. | 3 40 =| = «6600 7.8 | 57 





O. = estrone; D. = a-estradiol; T. = estriol. 

* Fraction 1 = 2 per cent methanol-benzene; Fraction 2 = 5 per cent methanol- 
benzene; Fraction 3 = 30 per cent methanol-benzene. 

t Calculated by subtracting the contribution of atypical Kober color products in 
Experiment 1 and dividing by the amount of each estrogen added. 

t By direct determination at 520 mp with the Kober reagent. These atypical 
color products do not give true estrogen content but must be included in calculation 
of estrogen recovery values for Experiments 2 to 6. 


has been included in Table V in order to indicate the spectral purity of the 
test solutions. Venning et al. (8) have found, and Bachman and Pettit (5) 
have confirmed their finding, that the L-520 mu/L-420 my ratio of the 
Kober products obtained with urinary impurities is approximately 05. 
Experiments on a large number of urine specimens from castrated and 
preadolescent females have given similar results by our method. Bachmat 
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Aliquots of Pooled Pregnancy Urine Extracts Immediately after Hydrolysis 
The results are expressed as micrograms per unit aliquot. 








Beles No, | Aoume sf ern eg | Snes 
—_— | | ¥ 
1 | 1 143 
| | 2 110 
| | 3 1380 
9 1 140 
| 2 592 96 
3 1200 
3 | 1 560 83 
| 2 136 
| 3 2800 76 
4 | 1 577 87 
| 2 480 | 92 
| 3 2080 | 75 











0. = estrone; D. = a-estradiol; T. = estriol. 
*Fraction 1 = 2 per cent methanol-benzene; Fraction 2 = 5 per cent methanol- 


benzene; Fraction 3 = 30 per cent methanol-benzene. 


t The final Kober color product was washed with an equal volume of ethyl acetate. 


Estrogen Content of Human Early Pregnancy Urine 

















: ci t Bel for Kober color products Estrogen content 
catamenia 
Estriol Estrone | Estradiol | Estriol 
wks. + per 24 hrs. | y per 24 hrs.| y per 24 hrs. 
1 4 1.2 0.9 3 86 108 90 
2 8 2.7 1.2 4 124 61 142 
3 8 4.1 2.2 3 209 127 215 
4 10 5.1 1.7 6 256 134 266 
5 18 9.2 1.9 8 740 206 1480 
6 20 6.4 1.5 0 800 270 3390 
7 22 5.9 3.4 8 875 484 3710 
8 23 7.6 | 3.6 8 965 520 4210 
9 24 5.5 3.3 9.7 1024 | & 4300 
10 25 6.7 | 3.7 12.0 848 | 500 | 4400 
ll 26 7.0 4.4 14.0 ,| 1000 | 570 4400 
12 28 6.1 3.9 1460 | 900 | 7000 

















id Pettit (5) have indicated that, with ratios of L-520 mu/L-420 my as 
bw as 3.0 for contaminated Kober color products, the error in determining 
the estrogen content directly from the extinction at 520 my should not 
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exceed 10 per cent. If we accept this ratio as the lower limit for satis. 
factory colorimetry, our data in Table V, together with those of unreported 
experiments, appear to indicate that satisfactory purification of the estrone 
and estriol fractions may be anticipated from pregnancy urine collected 
after the 10th week following the last catamenia. The estradiol fraction 
consistently gives the lowest L-520 my/L-420 my ratios and usually does 
not rise above 3.0 until after the 24th week following the last catamenig. 
Satisfactory Kober color products for all three fractions may be expected 
from pregnancy urine collected from the 24th week to term, in which 
period the ratio of estrogens to impurities is most favorable for good 
colorimetry. 
DISCUSSION 

Venning et al. (8) have shown that normal buty! alcohol satisfactorily 
extracts both conjugated and unconjugated forms of the female sex hor- 
mones from human pregnancy urine, and that the aqueous extract of the 
butyl alcohol provides a convenient extract for carrying out the hydrolysis 
of the conjugated forms. Because of its greater freedom from pigmented 
non-estrogenic material, we have adopted the butyl alcohol extraction and 
hydrolysis technique essentially as performed by them. It is desirable to 
fractionate the hydrolysate into neutral and acidic fractions by distribu- 
tion between ether and aqueous alkali before employment of the liquid 
chromatogram, since neutral (androgenic) 17-ketosteroids and other neu- 
tral ether-soluble substances might conceivably pass into the liquid chro- 
matogram fractions with the estrogens and interfere with development of 
color with the Kober reagent. Crystalline androsterone, dehydroisoandro- 
sterone, and pregnanediol by actual test appeared in the 2 per cent 
methanol-benzene filtrate. 

No attempt has been made in this study to check the colorimetrically 
determined hormone titers against bioassay determinations. These colon- 
metric values may well represent summations of space isomers as yet 
undetected in human pregnancy urine. For example, the estradiol frac- 
tion might conceivably contain both a and 8 forms, although according 
to the work of Pearlman and Pearlman (13) this seems unlikely. 

In addition to fractionating the mixture the liquid chromatogram accom- 
plishes a measure of purification. Our urines gave a very slight observable 
residue in the initial filtrate (estrogenically inactive when tested with the 
spayed rat). There usually is a very weak yellow band which acts asa 
pace-maker for the estrone fraction. For the present, this has been allowed 
to pass into the estrone fraction and its presence poses no serious obstacle 
to the use of the Kober reagent. Fortunately, the major portion of non- 
estrogenic contaminants of pregnancy urine residues at the conclusion of 
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the liquid chromatogram is still fixed at the very top of the chromato- 
ic column. 

Within the limitations discussed in connection with Table V, the pro- 
cedure which we have described is believed to offer a definite contribution 
to the fractionation and quantitative determination of the estrogens known 
to be present in human pregnancy urine. 


SUMMARY 


Aliquid chromatogram has been described which successfully fractionates 
ternary mixtures of crystalline estrone, a-estradiol, and estriol. The quan- 
titative features of the technique have been investigated for various ternary 
mixtures. Estrone and a-estradiol are recovered quantitatively in the 2 
and 5 per cent methanol-benzene filtrates respectively, and estriol in the 
30 per cent methanol-benzene filtrate to the extent of 75 to 85 per cent. 
The unrecovered estriol is not lost to the other two fractions, but escapes 
dution under the conditions employed. The liquid chromatogram has 
been incorporated in a purification procedure for the estrogens in human 
pregnancy urine. This procedure yields estrone, estradiol, and estriol 
fractions which respond satisfactorily to the highly specific Kober reagent. 
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THE INFLUENCE OF INGESTED CHOLINE UPON CHOLINE- 
CONTAINING AND NON-CHOLINE-CONTAINING 
PHOSPHOLIPIDS OF THE LIVER AS MEASURED 
BY RADIOACTIVE PHOSPHORUS* 


By C. ENTENMAN, I. L. CHAIKOFF, anno H. D. FRIEDLANDER 
(From the Division of Physiology, University of California Medical School, Berkeley) 


(Received for publication, November 3, 1945) 


In an earlier report it was shown that the oral administration of 300 mg. 
of choline chloride per kilo of body weight increases the rate of change in 
the specific activity of plasma phospholipid phosphorus during the early 
intervals after the administration of radioactive inorganic phosphorus (1). 
Since plasma phospholipids are synthesized mainly in the liver (2), it was 
suggested that the primary action of choline is on the liver and that the 
increased phospholipid activity of plasma resulting from ingested choline 
merely reflects such accelerated activity in the liver. 

Sincé the liver contains C. C.' as well as N. C. C. phospholipids, it be- 
came of interest to determine whether one or both of these types of phospho- 
lipids are influenced by ingestion of choline. This has been done in the 
present investigation. Measurements of specific activity recorded here 
necessitated the separation of C. C. from N. C. C. phospholipids of the 
liver. This was made possible by the use of an adsorption procedure 
recently developed in this laboratory (3). 


EXPERIMENTAL 


The dogs used in this study were fed a high fat-low protein diet composed 
of 38 per cent lard, 8 per cent crude casein, 44 per cent sucrose, 2 per cent 
sardilene,? 3 per cent brewers’ yeast, and 5 per cent Cowgill’s salt. mixture 
(4). 10 gm. of this mixture per kilo of body weight were fed once daily 
toeach dog for 12 to 16 days before the experiments described below were 
undertaken. 

In each experiment two dogs were used; both received radioactive phos- 
phorus but only one received choline. Each dog was injected intravenously 
with 10 ec. of an isotonic solution of NasHPO, containing approximately 
05 millicurie of P**. The choline was administered by stomach tube; each 


* Aided by a grant from the Lederle Laboratories, Inc. 
'The terms choline-containing and non-choline-containing have been abbre- 


Viated to C. C. and N.C. C. 
*Each cc. of sardilene contained not less than 100 A. O. A. C. chick units of vita- 


nin D and 600 U.S. P. units of vitamin A. 
lll 
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dog described below as choline-treated received 300 mg. of choline chloride 
per kilo in 50 cc. of water exactly 30 minutes before the radiophosphorys 
was injected. At the time of these administrations all dogs were in the 
postabsorptive state, approximately 18 hours having elapsed since the 
ingestion of their last meal. Food was withheld after the administration 
of the radiophosphorus. 

Samples of blood and liver were removed from each dog at intervals of 
6, 12, 18, and 24 hours after the administration of radiophosphorus. At the 
6 hour interval the dogs were anesthetized lightly by an intravenous injec. 
tion of pentobarbital. Blood was then quickly removed from the femoral 
artery. Heparin was used as anticoagulant. The abdominal cavity was 
then opened and the liver exposed. With the aid of a towel a lobe of the 
liver was grasped in both hands and a piece of the periphery of this lobe 
(approximately 3 to 4 gm.) removed. Bleeding was retarded by means of 
pressure and completely stopped by momentary applications of a hot iron 
to the cut surface. The abdominal cavity was then closed by sutures and 
the dog kept warm until the next sample was taken. All liver samples 
were taken as described above, each being removed from a separate lobe. 

Phospholipid P® and phospholipid P*? of plasma were measured by pro- 
cedures previously described (1). 

Liver ‘samples were rapidly weighed, transferred to flasks containing 
95 per cent ethyl alcohol, and immediately extracted. The preparation 
of petroleum ether extracts of liver lipids has been described elsewhere (3). 
Choline, phospholipid P®, and phospholipid P*? were determined on aliquots 
of this petroleum ether extract (5, 6). On another aliquot, the C. C. and 
the N. C. C. phospholipid were separated after the manner of Taurog et al. 
(3), and the methanol eluate obtained analyzed for choline, phospholipid 
P*!, and phospholipid P®. This separation is based on the finding that all 
phospholipids in a petroleum ether solution are adsorbed on magnesium 
oxide and that subsequent treatment with methanol elutes only the C. C. 
phospholipids. 

The molal ratios of choline to phospholipid P*' for both petroleum ether 
extracts and methanol eluates are recorded in Table I. The ratios for 
the petroleum ether extract fluctuated between 0.50 and 0.66; the values 
obtained were in fairly good agreement among the six dogs studied. This 
means'that approximately 60 per cent of the phospholipids of the petroleum 
ether extract are choline-containing. The molal ratios for the methanol 
eluate are very close to unity. With the exception of a single value, the 
ratios ranged from 0.94 to 1.04; the average was 0.99. Since the choline 
to phosphorus ratio in a pure choline-containing phospholipid is unity, 
the observed ratios for the methanol eluate provide evidence that a satis- 
factory separation of the C. C. from the N. C. C. phospholipids of the 
liver had been effected by the procedure used here. 
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The choline, P*', and P* contents of both the petroleum ether extracts 
and the methanol eluates were expressed as amounts per gm. of liver. 
The amounts of C. C. phospholipid phosphorus per gm. of liver recorded 
in Table I were calculated as the product, 
choline 


= ——— of same extract 
phosphorus 





Mg. P of petroleum ether extract X molal ratio, 


TaBLe | 
Choline-Containing and Non-C holine- Containing Phospholipids of Liver ef Dog 








Choline to P*' mola! ratio 


Choline- | Non-choline- 














i | Dog No | Hrs. after ——| containing | containing 
men | No. | P# injection ee Methanol amg Saad pe 
| extract | eluate 
ain | mg. per gm. meg. per gm. 
liver liver 
1 | Choline-treated, | 6 | 0.62 0.95 | 0.66 | 0.40 
| §-86A 12 | 0.56 | 0.96 0.61 0.48 
| 18 | 0.58 | 1.03 | 0.58 0.42 
| 24 0.58 | 1.04 | 0.61 0.44 
| Control, 5-86B 6 | 0.55 0.97 | 0.61 0.51 
12 0.54 | 0.99 | 0.59 0.49 
is | 0.50 | 0.99 | 0.60 | 0.60 
| 24 | 0.52 | 1.00 | 0.60 | 0.56 
2 Choline-treated, | 6 0.65 0.95 0.80 0.42 
5-98D Ba 0.63 0.95 0.78 0.46 
| 18 | 0.62 | 0.94 | 0.86 0.53 
| 2 | 0.66 |. 0.95 0.88 0.45 
Control, 5-98C | 6 | 0.57 | 0.94 | 0.60 0.45 
a ae 0.95 | 0.57 0.43 
18 | 0.62 0.99 | 0.61 | 0.38 
2 0~=—C |S s(O..60 0.98 0.80 | 0.53 
3 Choline-treated, 6 0.56 0.87 0.7 | 0.55 
28R P -fi 0.58 0.95 0.76 | 0.55 
Ls 2 0.57* 0.99* | 0.77* | 0.59* 
| 18 0.57* 0.96" 0.79* | 0.59* 
Control, 288 6 0.57 0.95 | 0.64 | 0.48 
12 0.62 0.95 | 0.67 0.51 
18 0.52* 0.97* 0.67* | 0.63* 
18 0.52* | 0.94% | 0.64* | 0.50% 




















* Taken from different lobes of the same liver. 


The amounts of N. C. C. phospholipid phosphorus recorded in Table I 
represent the difference between the total phospholipid phosphorus per 
mi. of liver and the C. C. phospholipid phosphorus per gm. of liver. 

Since all phospholipids of the methanol eluate are choline-containing, 
the specific activity of the C. C. phospholipid phosphorus was’ derived 
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from the ratio of P*:P* of the methanol eluate, the P** being expressed 
as a percentage of the injected P** and the P* in mg. 

Since the elution of C. C. phospholipids by methanol is not complete? 
a correction was applied to the value obtained for the P® content of the 
methanol eluate before making the calculation for specific activity of the 
N.C.C. phospholipid phosphorus. Thus the value for total C. C. phospho- 
lipid P® is obtained by multiplying the P*®* content of the methanol eluate 
by the ratio, choline content of the petroleum ether extract to choline 
content of the methanol eluate. Then the N. C. C. phospholipid P® jg 
the difference between the P*? content of the petroleum ether extract and 
the P® content of the methanol eluate corrected as described above. The 
specific activity of the N. C. C. phospholipid phosphorus is equal to the 





























Tasce II 
Uniformity of Phospholipid Content in Various Lobes of Liver 
| Left Right | Left | Right 
Dog No. main middle middle | main 
lobe lobe lobe lobe 
2-2 Phospholipid P*!, mg. per gm. liver | 1.12 1.05 1.10 | 1.25 
Counts phospholipid P*? per gm. ‘ 
— | 0.014 0.01 0.015 | 0.014 
Mg. phospholipid P* per gm. 7 “ 
2-9 | Phospholipid P*', mg. per gm. liver 1.44 1.50 1.37 | 1.45 
y ini 32 
Counts phospholipid P™* per gm. 0.025 | 0.024 | 0.024 | 0.026 
Mg. phospholipid P® per gm. 





ratio, N. C. C. phospholipid P*® per mg. of N. C. C. phospholipid P®, the 
P*® being expressed as a percentage of the injected P®. 

Since the amounts of phospholipid P* and phospholipid P* contained 
in small liver samples were used as an index of phospholipid activity of the 
whole liver, it became necessary to determine the uniformity of their con- 
tents among the various liver lobes. T:vo dogs were injected intrapen- 
toneally with radioactive inorganic phosphate. 6 hours later they were 
anesthetized with pentobarbital, and small samples (3 to 4 gm.) of each 
of the four main lobes were excised and transferred to flasks containing 9 
per cent ethyl alcohol. Petroleum ether extracts of these liver samples 
were then prepared in the usual manner (3) and these analyzed for phospho- 
lipid P* and phospholipid P®. The results recorded in Table II show that 
phospholipid is fairly evenly distributed throughout the liver. Moreover, 
the values obtained for the ratio of radiophospholipid phosphorus to total 
phospholipid phosphorus are practically the same throughout the various 
lobes. These findings leave no doubt that the phospholipid activity of & 
small sample of liver is a reliable index of the liver’s total activity. 


* The amount eluted was never less than 90 per cent. 
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Results 


The results of three experiments are presented in Table I and Figs. 1 
to 3. In each the phospholipid turnover in the liver of a choline- 
treated dog is compared with that in a dog that received no choline. Care 
wes taken to keep the dietary treatment of the two dogs identical during 
the 2 to 3 weeks preceding the injection of the radiophosphorus, and during 
the actual course of the experiment their treatment differed only in a single 
respect, i.e. the enteral administration of choline. 
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Fic. 1. The effect of choline on the specific activity-time relations of C. C. and 
N.C. C. phospholipid phosphorus of liver (Experiment 1). 


The specific activities of the C. C. phospholipid phosphorus shown in 
Figs. 1 to 3 represent the ratio of the percentage of injected P*® recovered 
as C. C. phospholipid per gm. of liver to the mg. of P® found as C. C. 
phospholipid per gm. of liver. The specific activities of the N. C. C. 
phospholipid phosphorus were obtained in a similar manner. 

Experiment 1—In the control dog (No. 5-86B) the “specific activity- 
time” curves were found to be quite similar for the C. C. and the N. C. C. 
phospholipids of the liver (Fig. 1). Thus at 6 hours after the injection of 
P® the specific activities of the C. C. and the N. C. C. phospholipid phos- 
phorus were respectively 15.5 X 10-* and 15.0 X 10-*, and even at 24 hours 
the values for these two liver fractions were 22.5 X 10-* and 19.2 X 10. 
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The specific activity values of plasma phospholipid phosphorus of this dog 
were lower than those for either liver fraction during the four intervals 
studied. 

The administration of choline produced a profound effect on the specific 
activities of the C. C. phospholipid phosphorus of the liver of Dog 5-86A. 
Asearly as 6 hours, the specific activity of this fraction rose to 36.1 X 10-%; 
this value was 4 times that of the N. C. C. phospholipid phosphorus. 
Although at 24 hours the specific activity of the C. C. phospholipid phos- 
phorus of the liver had dropped to 23.4 X 10~*, the latter was twice as 
high as the value for the specific activity of the N. C. C. phospholipid 
phosphorus. 

Experiment 2—Thé results of this experiment confirm those of the pre- 
ceding experiment. Thus in the control dog (No. 5-98C) the two values 
found at each time interval for the specific activities of the C. C. and the 
N.C. C. phospholipid phosphorus differed very little (Fig. 2). But in the 
choline-treated dog (No. 5-98D) the curves depicting the specific activity- 
time relations of these two types of phospholipids were not the same; at the 
§hour interval the specific activity for the C. C. and the N. C. C. phos- 
pholipid phosphorus was respectively 26.0 X 10-* and 6.2 X 107%, and 
at the other three intervals the values for the C. C. were twice those for 
the N.C. C. phospholipids. The values for the specific activities of plasma 
phospholipids were higher in the choline-treated than in the control dog. 

Experiment 3—Here again the specific activities of the C. C. and the 
N.C. C. phospholipid phosphorus of the liver at each time interval were 
practically the same in the control dog (No. 288) (Fig. 3). In the choline- 
treated dog (No. 28R) the values for the specific activities of the C. C. 
phospholipid phosphorus were extraordinarily high as compared with those 
athe N.C. C. phospholipid phosphorus. 


DISCUSSION 


Since ingested choline increased the rate of change in the specific activity 
i plasma phospholipid phosphorus (1), nearly all of which is the C. C. 
type (7), and moreover since the site of formation of plasma phospholipids 
isthe liver (2), it seemed a reasonable inference that the action of choline 
upon the liver would be concerned with C. C. phospholipids. This view 
8 fully borne out by the observations presented here. A comparison of 
the specific activity-time relations of the C. C. phospholipid phosphorus 
ithe liver in the choline-treated and in the control dogs of each experiment 
siggests that the turnover of this particular fraction of liver phogpholipid 
Sincreased when choline is ingested. 

tis interesting that ingested choline did not increase the specific activity 
ithe N. C. C. phospholipid phosphorus of the liver. On the contrary, 
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the administered choline depressed its specific activity. In all three experi- 
ments, the specific activities for N. C. C. phospholipid phosphorus were 
lower in the choline-treated than in the control dog. 

Criteria that serve to determine whether an organ can be a source of 
plasma phospholipids have been considered elsewhere (2, 8). It was 
pointed out that during the early intervals after the single administration 
of a labeling agent the specific activity of the immediate precursor of g 
compound must be greater than that of the compound itself. In all six 
dogs the specific activities of the C. C. phospholipid phosphorus of the 
liver were higher than those of plasma phospholipid phosphorus throughout 
the entire period of observation. This finding reinforces earlier evidence 
showing that practically all phospholipids of plasnia are formed in the 
liver (2). 


SUMMARY 


1. Dogs were injected with radioactive phosphorus, and the specific 
activities of the choline-containing and non-choline-containing phospho- 
lipids of their livers were measured. 

2. The ‘‘specific activity-time”’ curves of the choline-containing and the 
non-choline-containing phospholipid phosphorus of the liver are quite 
similar in untreated dogs. 

3. Asingle ingestion of 300 mg. of choline per kilo of body weight greatly 
increases the specific activities of choline-containing phospholipid phos- 
phorus of the liver. 

4. Ingested choline decreases the specific activities of the non-choline- 
containing phospholipid phosphorus of the liver. 
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THE DISTRIBUTION PATTERN OF FATTY ACIDS IN 
GLYCERIDES OF MILK FAT 


By E. L. JACK, J. L. HENDERSON,* anv E. B. HINSHAW 
(From the Division of Dairy Industry, University of California, Davis) 


(Received for publication, September 5, 1945) 


To understand the chemical nature of natural fats, one must know the 
fatty acid composition, the distribution pattern of the fatty acids among 
the glycerides, and the molecular configuration of the individual glycerides. 
Rather complete knowledge of the fatty acid composition of most natural 
fats is now available, or can be obtained readily by methods now in use. 
For determining specific molecular configuration, methods involving x-ray 
diffraction and similar techniques are being developed. 

A logical, but not proved, distribution pattern of the fatty acids among 
the glycerides can be obtained from the fatty acid composition, provided 
the percentage of saturated glycerides has also been determined. Oc- 
asionally hydrogenation, to establish the location of the unsaturated 
constituents, is useful. 

Hilditch (1), using the above technique, has proposed a general dis- 
tribution pattern for the fatty acids in natural fats. He believes that fatty 
acids follow a “‘rule of even distribution.” This term, “even distribution,” 
isindefinite and subject to interpretation. Hilditch states, “Any individual 
triglyceride molecule tends toward maximum heterogeneity in its composi- 
tion. This [the distribution of fatty acids according to their relative 
proportions as evenly as possible among all the glyceride molecules] is, 
infact, the main principle which seems to be operative in the structure of 
natural fats.” The authors interpret these statements to mean that the 
component fatty acids are distributed as widely as possible among the 
various glycerides. Hilditch further points out that in certain animal 
fats, notably milk fats, the fatty acids are even more widely distributed 
among the glycerides than in most vegetable fats; this observation extends 
the principle of heterogeneity of glyceride structure. 

According to Longenecker and his associates (2-4), the fatty acids are 
mndomly distributed, and the occurrence of each type of glyceride can 
te calculated from suitable probability equations. Random distribution 
requires that all possible combinations of glycerides be present according 
0 the relative proportions of the component fatty acids. Cow’s milk 
it with a relatively high content of oleic and palmitic acids should, then, 
‘ntain significant quantities of triolein and tripalmitin. 


*Present address, Research Laboratory, Golden State Company, Ltd., 425 Bat- 
tery Street, San Francisco, California. 
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120 GLYCERIDES OF MILK FAT 
TABLE [| 
Distillation and Analyses of Milk Fat and Fractions 
| Steam-volatile acids | “Solid’”” methyl esters “Liquid” methyl esters 
Fraction | Saponifi- | Saponifi- : 4 Sa aii | on 
} Welene | ction, | Welt | cation, | iam) [Weleht) cation | uty 
| gm. gm. gm. BER 
—7° ppt. 1.17 | 89.0 0.88 200 .7 This fraction consid- 
| | 0.78 216.7 | ered as containing 
6.18 | 238.7 0.89 only ‘‘solid’’ acids 
| | 2.03 | 242.2 
| | 1.23 | 272.0 
| | | 1.98 | 272.2 
8.03 | 273.0 1.28 
|} 9.38 | 272.7 1.03 
| 2.88 | 275.5 | 0.69 | 
| 3.68 | 294.0 | 28.03 
| | 7.03 | 298.0 | 18.50 | 
| 3.80 | 304.0 | 15.33 | 
| | 2.40 | 331.5 | 17.27 | 
13° ppt. | 0.61 | 116.0 | 0.62 | 207.2 2.41, 182.0 | 11.43 
1.82 | 126.4 | 2.01 | 243.3 0.68, 197.2 | 7.0 
0.98 | 140.0 1.78 | 254.7 | 2.03 206.6 | 6.88 
1.68 | 140.6 5.98 | 271.0 | 0.76 | 0.81) 219.5 | 8.00 
2.76 | 152.2 | 20.18 | 270.5 | 0.94 | 6.78 240.3 | 9.83 
0.49 | 161.2 3.38 | 270.4 | 4.06 | 2.48) 247.5 | 8.73 
Ether and water} 1.36 | 267.6 | 21.63 | 2.13 253.0 | 17.8 
titrations cal-| 7.98 | 294.8 | 21.02 | 3.16 266.5 | 22.16 
culated as 4.10 | 298.0 | 9.37 | 1.58 272.9 | 28.10 
butyric acid,|; 3.50 321.3 | 15.65 | 1.28 277.0 | 58.9 
2.29 gm. | 7.78, 201.2 | 88.72 
| | 4.38) 288.8 | 92.56 
2.90 303.2 | 92.00 
| | 3.20, 316.5 | 91.50 
—23° ppt. | 1.05 87.6 0.74 | 215.5 | | 0.57) 179.0 | 
2.06 | 106.7 3.00 | 234.8 4.48 | 1.70) 181.9 | 12.7% 
| 2.13) 209.6 | 6.67 
0.75 | 122.3 1.71 | 249.0 3.06 0.65 229.0 | 7.0 
0.25 | 167.4 4.71 267.2 | 1.68 | 9.68) 241.3 | 8.0 
Ether and water| 4.08 | 269.0 | 1.52 | 1.08 255.5 | 11.4 
titrations cal- 9.78 269.5 0.63 | 2.05 258.1 21.86 
culated as| 7.98 | 271.0 0.63 | 3.30) 271.5 | 22.15 
butyric acid,| 3.78 270.9 | 2.64 | 2.40) 284.3 | 68.9 
1.77 gm. 2.38 | 284.0 | 25.63 | 5.96 286.0 | 91.8 
6.98 | 292.8 | 22.53 | 2.58; 294.2 | 80.0 
2.00 | 287.0 9.44 | 3.10, 290.1 | 89.4 
| 1.60 | 329.5 | 27.25 | 3.70 317.4 | 10.2 
—53° ppt. | 2.43 | 106.9 0.68 | 192.4 2.28, 181.4 8.03 
| 1.87 | 113.8 | 0.73 | 214.4 0.98, 196.3 | 9.58 
| 0.94 | 125.0 | 2.63 | 240.2 4.30 | 2.03) 206.7 | 7.1 
| 0.98, 218.6 | 7.86 
| CC —_———— 
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TaBLe I—Concluded 





—E— j 
| Steam-volatile acids “Solid” methy! esters 
Fraction | in Saponifi- vi Saponifi- | sro 
hemaell C5 etal eee 
———=— 
eat Ether and water | 2.28 250.0 5.00 
Continued) titrations cal-|; 1.53 252.2 4.44 
culated as 6.73 266 .0 2.96 
| butyric acid,) 4.73 | 267.9 2.68 
| 2.48 gm. | 15.03 | 270.3 0.86 
| 2.08 | 281.2 | 22.61 
2.93 293.9 | 41.78 
5.51 298.6 | 31.85 
3.00 298 .7 20.15 
4.60 311.5 24.44 
-53° 1.12 102.5 | This fraction considered as 
filtrate | 1.40 104.8 | containing only “‘iquid’”’ 
| 1.73 | 108.0 | acids 
0.93 108.5 | 
2.05 114.0 
0.60 116.6 
0.56 132.6 | 
1.68 141.3 
| 0.60 | 167.2 | 
| Ether and water | | 
| titrations cal- | 
| culated as | | 
butyric acid, | | 
4.24 gm. | 
| | | 
Mikfat | 1.25 91.3 0.61 207.3 
| 0.93 | 111.0 | 2.58 | 284.1 3.34 
| 1.40 121.4 1.88 241.2 1.33 
| 0.39 | 127.5 | 2.83 259.3 2.11 
| 0.46 | 139.4 | 9.48 | 267.2 | 1.16 
0.98 141.5 | 14.55 270.4 1.17 
| Ether and water; 2.38 279.0 14.11 
| titrations cal- | 1.95 291.7 32.13 
culated as| 6.38 291.7 30.46 
butyric acid, 4.00 295.0 18.33 
| 2.73 gm. 3.90 309.1 22.70 
| 
| 
| 
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: | INo. 
equivalent | (Hanus) 
241.1 8.67 
242.3 6.39 
246.5 10.41 
256.2 | 23.57 
265.6 | 30.64 
268.8 40.70 
291.7 80.47 
296.0 | 82.50 
295.7 | 93.90 
298.1 93.60 
298.2 | 91.90 
309.2 | 100.60 
186.1 
195.0 
209.1 9.48 
216.2 12.00 
240.7 20.88 
244.5 18.56 
260.9 | 22.86 
268.0 | 22.28 
270.7 | 21.43 
- 276.5 | 42.28 
291.8 72.65 
296.4 | 90.20 
297.8 | 92.60 
295.5 | 87.85 
298.6 | 95.70 
299.0 | 95.60 
180.8 | 11.23 
197.5 | 13.58 
195.8 | 10.00 
214.4 6.88 
214.5 8.00 
240-2 | 11.07 
248.5 | 14.05 
251.4 | 24.01 
262.8 | 33.10 
259.1 | 37.01 
272.5 70.05 
293.3 | 91.95 
293.3 | 95.05 
290.7 | 94.95 
290.9 | 94.45 
289.4 | 95.00 
315.0 | 97.90 
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This paper will present data showing the probable distribution pattern 
in milk fat (results obtained by subjecting milk fat to fractionation from 
the solvent), followed by analyses of the separate fractions to determine 
the component fatty acids and the fully saturated glycerides. 


EXPERIMENTAL 
Milk fat was fractionated from the solvent as previously described (5) 
by freezing out portions at —7°, —13°, —23°, —53°, and the filtrate 
remaining at —53°. Milk fat was dissolved in Skellysolve A and cooled 























TaB_e II 
Molar Percentage of Fatty Acidsin Milk Fat Fractions 
—7° ppt. | —13° ppt. —23° ppt. | —53° ppt. | —. Milk fat 
| | | | 

Saturated Cy 25 | 46] 87 | 79 |] 93] 92 

Cs 2.9 | 4.0 5.8 | 6.9 | 2.8 

Cs 66] 13 | 1.7 | 34 }ome 

| Cro 12 | 49] 40] 55 | 45 | 35 

Cis 4.5 $5 | 42 | 47] 3.7 5.2 

| Total 8.2 | 22.5 | 22.2 | 25.6 | 26.8 | 23.4 

Cu 16.6 | 11.3 | 14.6 | 16.5 | 7.4 | 48 

| 

| Crs 42.1 | 36.2 | 38.1 | 24.0 | 14.0 | 272 

| 

Cs 2.1] 93] 52 | 84] 68 | 88 

| Coo 3.8 a. |. 4a 1.4 1.2 

Ca 0.8 

Total 25.7 | 12.4 6.2 9.8 | 6.8 9.7 
aa ee 92.6 | 82.4 | 81.1 | 75.9 | 55.0 | 75.1 
Unsaturated | Cio 0.2 | 01 | 0.3 1.4 0.3 

Cis | @3 | 0.1 0.2 0.4 0.2 

Cu 0.1 0.9 | 1.2 1.4 1.8 1.5 

Cis 0.4 3.9 | 4.5 2.7 | 4.6 5.2 

Cis 6.1 | 10.6 | 10.7 | 17.2 | 30.0 | 15.8 

Coo 0.8 1.3 | 1.9 1.8 0.8 0.7 

Linoleic 0.5 | 0.4 0.5 6.0 1.7 
PR eee en ee 7.4 | 17.6 | 18.9 | 24.1 | 45.0 24.9 

















to —7°, the precipitate was filtered off, and the filtrate lowered to — 13°, at 
which point another precipitate was removed. This procedure was 
repeated through —23° and —53°. The fatty acid composition of the 
glyceride fractions was determined by ester fractionation, as described 
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previously (6). Table I shows the analytical data for the distillates. 
Table II shows the fatty acid composition as calculated from these data. 

The fractions were subjected to mild oxidation, potassium permanganate 
in acetone being used, as described by Hilditch and Lea (7) and Hilditch 
(1). The oxidized unsaturated portions were removed by suitable washing, 
and the fully saturated glycerides determined. The proportions of potas- 
sum permanganate needed for such oxidations, as well as the reaction time, 


Tasie III 
Percentage of Fully Saturated Glycerides Present in Milk Fat Fractions 





Limiting minimum | Per cent calculated 








E i 1 full , 

oe | “Psaturated glycerides | Value from | on basis of random 
Weight | Moles Moles Moles 
i | 75.3 75.4 | af 79.4 
BG, CRITE vs .. | 434 | 40.5 | 47.2 55.8 
Serre | 42 | #3 | 43.3 53.3 
ee | 2.2 | 25.8 | 27.7 43.6 
MeMiwate....:........° 38 | 46 | 0 16.6 
ME cask 5-5 ->00- |} 4 | S13 | 25.3 41.8 





*This value is calculated by assuming that the unsaturation is distributed one 
fatty acid to a glyceride. Thus in the —7° precipitate with 7.4 moles of unsaturated 
acids (Table II) there could be a maximum of 3 X 7.4 = 22.2 moles of unsaturated 
glycerides and, therefore, a minimum of 77.8 moles of fully saturated glycerides. 

t The calculation of occurrence in random distribution is governed by the follow- 
ing equation (H. E. Longenecker, University of Pittsburgh, personal communication). 
Molar percentage of any specific glyceride = n X ((a X b X c)/100°) X 100, where n = 
frequency of the glyceride occurrence in random distribution and a, 6, and c = molar 
percentage of the fatty acids in positions 1, 2, and 3 of the glycerol respectively. 
Por example, —7° precipitate has 92.6 per cent of saturated acids, and n = 1; then 
the molar percentage of fully saturated glycerides in the —7° precipitate = 1 X 
(92.6 X 92.6 X 92.6/100*) XK 100 = 79.4. : 


will vary with the nature of the fat under oxidation. Considerable ex- 
perimentation was required to obtain satisfactory results, namely complete 
removal of the unsaturated portions as indicated by an iodine value of 
less than 1, without letting excessive oxidation destroy the saturated por- 
tions. Table III shows the percentage of fully saturated glycerides, 
together with limiting minimum values calculated from the fatty acid 
composition given in Table II. On the whole, the experimental values 
for the fully saturated glycerides are somewhat low, several being less than 
the calculated limiting value. Probably, however, this situation should 
be expected, since the laboratory manipulations necessary to remove the 
monoazelaoglycerides (that is, the acidic products from monooleoglycerides) 
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undoubtedly cause slight losses of the fully saturated glycerides also. Sinee 
the work was done with exceptional care, the authors are certain that the 
experimental error was not sufficient to lower the true results by the differ. 
ence between the experimental values and those calculated on the basis of 
random distribution (Table III, last column). This point will be discussed 
in greater detail later. 

The fully saturated glycerides were first saponified and then esterified 
with methyl aleohol; and the methyl esters were fractionally distilled 
through an electrically heated, packed column, as described elsewhere 
(6). Table IV shows the mole percentage of fatty acids present in each. 


TABLE IV 
Fatty Acid Composition of Fully Saturated Glycerides in Milk Fat Fractions 
The values are given in moles per cent. 











a 7 —7° ppt. | —13° ppt. —23° ppt. —53° ppt. | —53°filtrate*| Milk fat 
ae ioe as . —— nid 
Cure 8.9 24.2 22.5 , 76.0 26.5 
Cy, 17.9 | 8.3 15.9 21.8 21.3 13.4 
Cie 45.5 50.0 55.8 36.3 3.7 47.9 
Cis_x 27.7 17.5 5.8 9.1 12.2 





* The molar percentages of fatty acids in the fully saturated glycerides of the 
—53° filtrate are not considered reliable, because the small percentage of fully 
saturated glycerides (4.6 moles per cent) present necessitated the working up of a 
large mass of material in order to get a sufficient quantity for analysis. Considerable 
difficulty was experienced, furthermore, in washing acidic compounds from this 
sample after oxidation with permanganate. Very persistent emulsions were also 
encountered in washing this material. 


DISCUSSION 


The importance of these findings lies in the interpretation placed on them 
and in the considerations that follow as a consequence. In the authors’ 
opinion, these results show that the distribution pattern of fatty acids 
in glycerides from milk fat tends more nearly to the pattern of widest 
possible distribution than to the pattern of random distribution. The values 
in Table III support this view. The experimental data for the fractions 
conform closely to the limiting minimum values, which-represent the widest 
possible distribution of the unsaturated acids. This situation is probably 
to be expected, since any possible randomness in the entire fat would be 
obliterated by the selectivity practiced in preparing the fractions. The 
relative solubilities of different glycerides govern the fraction in which they 
appear. As the fractions show, the unsaturation is distributed as widely 
as possible. 
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It does not necessarily follow that the entire fat from which the fractions 
were separated should have the same distribution pattern, since the frac- 
tions represent selected glycerides. Judging from the ‘association ratios,” 
the milk fat does follow the same widest distribution pattern as the fraction. 
The “association ratio” proposed by Hilditch (1) is the ratio between the 
saturated fatty acids and the unsaturated fatty acids in the mixed glyc- 
erides. The precipitated fractions (—7°, —13°, —23°, —53°) all have 
association ratios of almost exactly 2.0; and the filtrate fraction (— 53°) 
has a ratio of 1.2. This means that essentially all the mixed glycerides 
in the precipitated fractions are of the disaturated type, while those of 
the filtrate are about equally divided between di- and monosaturated. 
Monosaturated glycerides would have a ratio of 0.5 and equal mixtures, 
therefore, would have a ratio of (0.5 + 2.0)/2 = 1.25. An average ratio 
of all the fractions, weighted on the basis of the molar proportions of each 
fraction in the entire fat, is 1.80. The association ratio of the milk fat 
is determined to be 1.76, calculated as follows: 

There are 31.3 moles per cent of fully saturated glycerides in the milk 
fat; 100 — 31.3 = 68.7 moles of mixed glycerides in the milk fat (Table 
III). There are 24.9 moles per cent of unsaturated fatty acids in the milk 
fat (Table I1). 68.7 — 24.9 = 43.8 moles of saturated fatty acids in the 
mixed glycerides. 43.8/24.9 = 1.76 association ratio. 

The agreement between these two ratios, 1.80 and 1.76, strongly sup- 
ports the contention that milk fat has the same distribution pattern of 
saturated and unsaturated fatty acids. If there had been present more 
than the minimum number of monosaturated glycerides that could be 
‘accounted for on the basis of widest possible distribution from the per- 
centage of unsaturated fatty acids, then the percentage of fully saturated 
glycerides would have to be higher than was found. 

Granting that the unsaturated fatty acids in milk fat are distributed as 
widely as possible, one may logically assume the same distribution pattern 
for the saturated fatty acids. On the basis of this assumption, the fol- 
lowing general scheme of glyceride types is proposed. 

Simplified General Scheme of Glyceride Types—If one divides the number 
of moles of fatty acids (grouped for convenience C4_12, Cus, Cs, Cis_22, and 
usaturated) present in each fraction (Table II) by the highest common 
factor, the result is the minimum proportions of each. If the total of these 
is divided by 3 (fatty acids per glyceride), the result will be the number of 
simplest types that can be constructed from the component fatty acids. 

are given these calculations, together with the simplest glyceride 
types based on widest possible distribution of the fatty acids. No signifi- 
tance is attached to the positions here of the fatty acids within the glyceride 
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molecules; no data are presented that would justify any speculation op 
molecular configuration. 


—7° Precipitate 


Group Moles Ratio 
per cent 
Cuz 8.2 1 
Cis 16.6 2 
Cis 42.1 5 
Cis—22 25.7 3 
Unsaturated 7.4 1 
12 (Total) 


CH,0— 


Fe | 
12 + 3 = 4 general types in which -— stands for the glycery! radical CHO— 


CH,0O— 
“Cis Cie Crs [Cr 
—Cis_22 > —Cis—22 > —Cis—22 t—-Cis 
L—Cx-12 Cu __Unsaturated LCi 


77.8 per cent fully saturated glycerides; 22.2 per cent unsaturated glycerides 


—138° Precipitate 


Group Moles Ratio 
per cent 

Cen 22.5 4 

Cis 11.3 2 

Cis 36.2 7 

Cys—22 12.4 2 

Unsaturated 17.6 3 

18 (Total) 

18 + 3 = 6 general types 
Crs Cr Cy (Crs [Cys Cr 
r-Cur Cen Cin t—-Cu t—Cis-22 16 
Cy Cisse Unsaturated \ Unsaturated (Unsaturated \—Cex 


47.2 per cent fully saturated glycerides; 52.8 per cent unsaturated glycerides 


—23° Precipitate 


Group Moles Ratio 
per cent 
Cur 22.2 3 
Cu 14.6 2 
Cis 38.1 6 
Cis—22 6.2 1 
Unsaturated 18.9 3 
15 (Total) 


15 + 3 = 5 general types 
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s Cr [Cr [Crs Cr 
2 -—Cr4 p—Ce 2 t—-Curs -—Cis 
Unsaturated L_Coss __Unsaturated LC. __Unsaturated 


43.3 per cent fully saturated glycerides; 56.7 per cent unsaturated glycerides 


—53° Precipitate 


Group Moles Ratio 
per cent 
Cur 25.6 3 
Cu 16.5 2 
Cis 24.0 3 
Cis_2 9.8 1 
Unsaturated 24.1 3 
12 (Total) 


12 + 3 = 4 general types 


mer ; Crs [Cis Cys 
Cyn p—Ceur Ci r-Cu 
Unsaturated .__ Unsaturated —Cris __Unsaturated 


27.7 per cent fully saturated glycerides; 72.3 per cent unsaturated glycerides 


—53° Filtrate 


Group Moles Ratio 
per cent 

Cy12 26.8 4 

Cis 7A 1 

Cis 14.0 2 

Cys_22 6.8 1 

Unsaturated 45.0 .# 

15 (Total) 
15 + 3 = 5 general types 

Cr Cie Cu Cs Cur 
C12 +—Cy 19 —C4_19 +-Unsaturated +—Unsaturated 


_Unsaturated Unsaturated - Unsaturated .—~Unsaturated -— Unsaturated 


0 per cent fully saturated; 100 per cent unsaturated 


Glycerides of the types postulated for the different fractions would tend 
to form a fat mixture having the physical characteristics of the fractions 
actually obtained in practice. To illustrate this it would be possible 
from the fatty acid composition to have a glyceride of the type 
Cis 
re in the —7° precipitate. It is very doubtful that such a 
Unsaturated 
type would be present in this fraction; more logically, one might expect it 
to pass to one of the lower freezing fractions. 

One can construct a hypothetical milk fat from these glyceride types, 
wing increments of each fraction in proportion to the molar percentage 
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that each fraction represents; namely, 10.5 per cent for the —7° precipitate, 
20.5 per cent for the — 13° precipitate, 20.9 per cent for the —23° precipi- 
tate, 23.8 per cent for the — 53° precipitate, and 24.3 per cent for the —§3° 
filtrate. The calculated percentage of fully saturated glycerides in this 
hypothetical milk fat, based on widest possible distribution of the fatty 
acids would be (77.7 X 0.105) + (47.2 X 0.205) + (43.3 X 0.209) + 
(27.7 X 0.238) + (0 X 0.243) = 33.1 per cent, which compares well with 
31.3 per cent, the experimental value determined from milk fat. This is 
further evidence that the fatty acids of milk fat tend toward widest possible 
distribution. Similarly, calculations can be made for the probable oecur- 
rence of other types of glycerides in a hypothetically constructed milk fat, 


SUMMARY 


1. Data are presented showing the fatty acid composition, the percentage 
of fully saturated glycerides, and the fatty acid composition of the fully 
saturated glycerides of milk fat fractions separated from the solvent. 

2. The mole percentage of fully saturated glycerides found is as follows: 
—7° precipitate 75.4 per cent, —13° precipitate 40.5 per cent, —23° pre- 
cipitate 40.3 per cent, —53° precipitate 25.8 per cent, —53° filtrate 4.6 
per cent, and original milk fat 31.3 per cent. 

3. It is proposed, from a consideration of these values, that the fatty 
acids in milk fat tend to be distributed among the glycerides as widely as 
possible. 

4. Patterns for the distribution of the fatty acids among the glycerides 
in the different fractions are postulated, based on the proposition that the 
fatty acids are distributed as widely as possible. 

5. The hypothetical patterns are compared with the experimental data. 


Dr. H. A. Young, Division of Chemistry, University of California, Davis, 
California, kindly reviewed the manuscript and made suggestions. 
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STORAGE OF HENDECANOIC ACID IN THE WHITE RAT 


By FRANK E. VISSCHER 
(From the Scripps Metabolic Clinic, La Jolla, California) 


(Received for publication, November 2, 1945) 


The fate of ingested fatty acids depends upon their chain length (number 
of carbon atoms per fatty acid). Lower fatty acids such as butyric and 
eaproic acids are not stored as such (1) but are in part oxidized to ketone 
bodies (2). Available evidence indicates that they are not directly in- 
yolved in the synthesis of higher fatty acids (3). Lower ‘‘odd carbon” 
fatty acids (possessing an odd number of carbon atoms) are in part oxidized 
to yield ketone bodies and carbohydrate precursors (4). On the other 
hand, the higher ‘‘even carbon” acids, exemplified by palmitic acid, are 
largely laid down in the fat depots, there to await interconversion or 
mobilization (5). 

In order to study the fate of an ‘‘odd carbon” fatty acid of intermediate 
chain length, hendecanoic (undecylic) acid in the form of a glyceride was 
fed to rats and the fatty acids of the depots were partially separated as 
their lead salts, converted to the methyl esters, and fractionally distilled. 
The results point to the deposition of hendecanoic acid as such. As the 
methods employed were incapable of demonstrating the presence of small 
quantities of ‘‘odd carbon”’ fatty acids among the ‘‘even carbon’’ acids 
normally present, no decisive evidence as to the subsequent conversion 
of the hendecanoic acid could be secured. 


EXPERIMENTAL 


Young rats averaging 137 gm. in weight were taken from a stock diet, 
divided into two groups of eighteen rats, and placed for 6 weeks on a diet of 
commercial casein 25 parts, brewers’ yeast 10 parts, Osborne and Mendel’s 
salt mixture (6) 5 parts, cane sugar 35 parts, and glyceride 25 parts. The 
glyceride fed control Group A was coconut oil, while the glyceride fed 
experimental Group B was synthesized from purified hendecanoic acid 
(Eastman Kodak). The purification was carried out in a 45 inch column 
packed with a spiral wire gauze. It was found necessary to discard some 
3 per cent of higher acids. The purified hendecanoic acid had an iodine 
number of 3 and an equivalent weight of 186. The glyceride was formed 
by heating glycerol and undecylic acid to 200° under nitrogen in the ratio 
of 1 mole of glycerol to 2 moles of undecylic acid. A partial vacuum of 
200 mm. of Hg was employed. The temperature was held for 5 hours. 
Asmall amount of unesterified acid was removed by washing the petroleum 
ether solution of the glycerides with dilute potassium carbonate solution. 
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130 STORAGE OF HENDECANOIC ACID 


It may be worth recording that rats on a diet containing 25 per cent of 
the free fatty acids of coconut oil or of undecylic acid failed to grow, a 
result due, perhaps, to the lack of palatability of the diet. 

The rats of Group A grew at an average rate of 1.2 gm. per day, while 
those of Group B gained an average of 0.9 gm. per day over the same period, 
After being anesthetized with sodium pentabarbital, the rats of Group B 
were bled and the stomach, intestines, spleen, and kidneys were removed, 
Each carcass was then dissolved in 250 cc. of cold 30 per cent KOH with 
occasional agitation over several days. ‘The caustic solution was kept 
covered with a layer of petroleum ether. The calcareous material was 
separated from the supernatant solution and discarded. The lipids were 
obtained for analysis by acidification of the pooled basic solutions and 
subsequent extraction with petroleum ether. The mixture of glycerides, 
free fatty acids, and non-saponifiable matter obtained in this manner 
was saponified. The fatty acids weighed 270 gm. They were separated 
into solid and liquid fractions by the Pb soap-alcohol method in which 230 
gm. of lead acetate trihydrate and 20 volumes of EtOH were used for 
recrystallization at 15° and an equal volume for washing. The recrystal- 
lization and washing were repeated, 0.5 per cent acetic acid in alcohol being 
used for the recrystallization. The Pb soaps of the solid acids weighed 117 
gm. They were esterified in 10 volumes of MeOH containing 7 per cent 
sulfuric acid. The MeOH solution was diluted with 2 volumes of water 
and extracted with ether to remove the esters. The ethereal solution was 
extracted with dilute potassium carbonate, which removed 1.5 gm. of free 
acid. This was reesterified and added to the main fraction. The weight 
of the methy! esters of the solid acids was 76 gm. The Pb soaps of the 
liquid acids were freed of EtOH by repeated additions and removal in 
vacuo of methy! alcohol. The methyl esters were prepared as before. The 
separated esters were extracted with dilute potassium carbonate solution 
and 8 gm. of unesterified acid were removed. This was reesterified and 
added to the main fraction. The yield of liquid esters was 199 gm. 

The esters were fractionated in a modified Fenske column with an in- 
ternal diameter of 18 mm. packed with single turn glass helices for 45 inches. 
The column has an efficiency of approximately forty theoretical plates. 
Iodine numbers were determined on each fraction by the method of Wijs. 
In determining the equivalent weight of the acids in a given fraction, 
the free acid was isolated and a weighed amount, from 100 to 300 mg.,was 
titrated with standard 0.1 n KOH in 10 ec. of neutral isopropyl alcohol 
solution containing a trace of phenolphthalein. 


Calculations and Results 


The weights of the various ester fractions with corresponding iodine 
number of the methyl ester and neutral equivalent of the fatty acid are 
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sown in Table I. Values are also shown for the estimated chain length 
composition of each fraction, calculated (7) on the assumption that hende- 
eanoic acid is the only “odd carbon” fatty acid present. No attempt is 
made to assign to individual components the unsaturation indicated by the 
iodine numbers. The data in Table I yield the following figures for the 
percentage composition of the fatty acid mixture from the depots: 0.3 Cyo, 


TaBLe I 
Analysis of ‘‘Solid’’ and ‘‘Liquid’’ Methyl Ester Mixtures from Fatty Acids of Rats 
Fed Undecylic Acid 











Equivalent 





Fraction No. Weight weight of acid | I No. of ester | ee sition 

— gm. | | gm. 

8-1 4.00 187.6 | 0.8 3.6Cu, 0.4 Cre 
$-2 1.22 | 198.3 | 0.6 02“ 10 “ 
8-3 1.41 i. Sade 4 0.6 0.6 Cw, 0.8 Cis 
8-4 2.06 235.2 | 0.5 1.6 Cy, 0.5 Cis 
8-5 3.87 | 245.0 | 0.5 | Lo 4 880% 
8-6 | 28.7 | 255.0 | 06 | 1.2 “ 27.6 “ 
8-7 11.00 | 257 .7 9.6 | 10.5 Cy, 0.5 Cis 
8-8 | 488 | 27.9 | 12.1 | 29 “ 2.0 * 
8-9 4.30 | 280.6 23.6 | 0.4 * 3.9 “ 
8-10 3.84 | 283.4 21.8 | 3.9 Cis 

8-11 2.83 | 236.0 | 4.0 | 2.7 “* O.2Ce 
L-l 0.25 | 8.4 | 

L-2 2.17 181.7 | cS a 0.7 Cw, 1.5 Cu 
L-3 44.50 186.8 | 2.8 | 42.9Cu, 1.6 Cis 
L-4 8.83 186.3 | 9.1 | 8.8 “ : 
L-5 3.75 201.4 | 14.9 | 3.7 Cy, 0.1 Cu 
L4 4.60 234.9 | 44.9 3.5Cu, 1.1 Crs 
L-7 4.01 252.8 | 71.2 02 * 3.8 “ 
LS 11.71 256.1 70.0 11.7 Crs 

L-9 5.56 269.2 | 80.5 | 2.6 “ 3.0 Cis 
L-10 4.35 279.0 | 98.4 | ‘s * £25 > 
L-ll 13.89 281.2 | 103.8 05 “ 18.4 
L-12 19.75 281.3 | 104.0 oe “ 0.“ 
L-13 34.42 281.8 101.3 | 34.4Cis 

L-l4 9.31 283.0 | 98.6 9.1 “ 0.3Ce 
1-15 6.24 2.3 | we | 63 * 69 * 





3.9 Cu, 2.8 Cy, 3.5 Cys, 25.4 Cis, 43.6 Cis, 0.5 Cro. From the corresponding 
figures for “‘synthetic”’ rat fat, similarly calculated from analogous data (7) 
from animals on a fat-low diet, namely 0.1 Cys, 3.1 Cus, 42.3 Cis, 53.0 Cis, 1.3 
Cy, it seems clear that extensive deposition of hendecanoic acid must have 
oeurred. No evidence was found to indicate conversion of major amounts 
of hendecanoic acid to higher “odd carbon” fatty acids. However, more 
precise methods of fractionation or analysis are evidently necessary for 
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a decisive answer to the question of synthesis of higher “odd carbon” 
fatty acids from ingested hendecanoic acid. 

The melting point of the free fatty acid from Fraction L-3 was observed 
to be identical with that of pure hendecanoic acid. 


SUMMARY 


Hendecanoic (undecylic) acid may be stored by the rat to the extent of 
24 per cent of the depot fatty acids. 


The author wishes to express his thanks to Dr. E. M. MacKay for his 
generous assistance in the preparation of the manuscript for publication. 


BIBLIOGRAPHY 


1. Longenecker, H. E., J. Biol. Chem., 130, 167 (1939). 

2. MacKay, E. M., Wick, A. N., and Barnum, C. P., J. Biol. Chem., 135, 183 (1940). 

3. Rittenberg, D., Schoenheimer, R., and Evans, FE. A., Jr., J. Biol. Chem., 120, 508 
(1937). 

. MacKay, E. M., Wick, A. N., and Barnum, C. P., J. Biol. Chem., 136, 503 (1940). 

. Stetten, D., Jr., and Schoenheimer, R., J. Biol. Chem., 133, 329 (1940). 

. Osborne, T. B., and Mendel, L. B., J. Biol. Chem., 37, 572 (1919). 

. Visscher, F. E., and Corley, R. C., J. Biol. Chem., 147, 291 (1943). 


Noo 





(Fi 


Baan F32 & 


Beg8&9¢5 


ure 


ten 


sere. &..~ 








A MODIFIED METHOD FOR THE QUANTITATIVE DETER- 
MINATION OF THE THYMOL TURBIDITY 
REACTION OF SERUM 


By ROBERT E. SHANK* anp CHARLES L. HOAGLAND 
(From the Hospital of The Rockefeller Institute for Medical Research, New York) 


(Received for publication, November 9, 1945) 


It was observed by Maclagan that turbidity is produced in a barbital 
buffer saturated with thymol when specimens of serum from patients with 
diseases of the liver are added (1, 2). The degree of turbidity apparently 
yaried with the degree of hepatic parenchymal damage. An analysis of 
the precipitate demonstrated that it contained globulin, phospholipid, 
cholesterol, and thymol. The mechanism of the reaction is unexplained, 
but there is some evidence to indicate that the reaction may be due to an 
abnormal globulin released into the blood stream in the presence of liver 
damage. The determination of thymol turbidity had been found useful in 
estimating the degree of hepatic damage in patients with diseases of the 
liver and in pathological states experimentally produced in animals. 

In the original technique the amount of turbidity was estimated by 
visual comparison with the gelatin standards of Kingsbury et al. (3), which 
were devised for the estimation of urinary albumin. This method is 
subject to all of the usual criticisms of visual methods for colorimetric and 
nephelometric measurements. In the presence of hemolysis and of in- 
creased concentrations of bilirubin in the serum, accurate measurements 
of turbidity may be difficult to obtain. Moreover, the preparation and 
maintenance of adequate gelatin standards are associated with some diffi- 
culty. In order to obtain objective and more accurate quantitative meas- 
urement of turbidity, and to permit rigid standardization of the technique, 
the method has been modified in this laboratory so that turbidimetric de- 
terminations may be made in the spectrophotometer with a suspension of 
barium sulfate as a standard. 


Method 


Reagents— 
Thymol-barbital buffer. A barbital buffer of pH 7.8, saturated with 
thymol, is prepared as described by Maclagan (2). 1.03 gm. of sodium 


*Lieutenant Commander, Medical Corps, U. 8. N. R. Member of the United 
States Navy Research Unit at the Hospital of The Rockefeller Institute for Medical 
Research. The Bureau of Medicine and Surgery of the United States Navy does not 
necessarily undertake to endorse the views or opinions which are expressed in this 
paper. 
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134 THYMOL TURBIDITY REACTION 


barbital, 1.38 gm. of barbital, and 3 gm. of powdered thymol crystals are 
placed in a 1000 ec. Erlenmeyer flask. 500 cc. of distilled water are added 
and the solution heated to the boiling point. The flask is removed from 
the flame and the contents mixed well by shaking. The solution is cooled 
to room temperature. On cooling, the solution becomes turbid. A small 
quantity of powdered thymol crystals is added and the solution again 
mixed by shaking. The flask is stoppered and is permitted to remain at 
room temperature overnight. Thymol crystals form at the bottom of the 
flask. After standing overnight, the solution is mixed once again by shak- 
ing, and is freed of crystalline deposit by filtration. The clear solution is 
used as the reagent and may be kept at room temperature indefinitely. 

Barium chloride solution, 0.0962 Nn. 

Sulfuric acid, 0.2 nN. 

Procedure 


The test is carried out by adding 0.05 cc. of serum to 3.0 ec. of thymol- 
barbital buffer in a 10 X 75 mm. cuvette. The contents of the cuvette 
are mixed well and after 30 minutes turbidity is determined in the Coleman 
Junior spectrophotometer at a wave-length of 650 mu. The galvanometer 
is adjusted to 100 per cent transmission with a blank containing 3.0 ce. of 
thymol-barbital buffer. 

The turbidity of a given reaction is expressed in units derived from a 
standard curve prepared by use of barium sulfate suspensions. The tur- 
bidity standard is prepared by diluting 3.0 cc. of 0.0962 N barium chloride 
solution to volume in a 100 cc. volumetric flask by the addition of 0.2 n 
sulfuric acid at 10°. At this temperature the particle size of the precipi- 
tated barium sulfate is such that a comparatively stable suspension results. 
A 10 unit turbidity standard is prepared by adding 1.65 cc. of 0.2 N sulfuric 
acid to 1.35 ec. of the barium sulfate suspension in a 10 X 75 mm. cuvette. 
Similarly, a 20 unit standard is prepared by adding 0.3 cc. of 0.2 N sulfuric 
acid to 2.7 cc. of the barium sulfate suspension. These standards were 
chosen because they gave turbidimetric readings nearly equivalent to 
those obtained by Maclagan using visual comparison with gelatin standards. 
At room temperature there is some tendency for the barium sulfate suspen- 
sion to settle out. For this reason cuvettes should be well shaken just 
before readings are made in the spectrophotometer. If a cuvette con- 
taining 3.0 cc. of distilled water is used as a blank, there is a straight line 
relationship between the optical density of various dilutions of the barium 
sulfate standard at 650 mu (Fig. 1). 


EXPERIMENTAL 


It was necessary to determine the wave-length at which turbidity meas- 
urements could be made with least interference from those substances 
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inblood which absorb in the range of 400 to 700 mu. Two substances which 
might be expected to interfere are hemoglobin resulting from hemolysis 
dred blood corpuscles and bilirubin which may occur in high concentration 
jn the serum of patients with hepatic disease. In Fig. 2 the absorption 
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Fic. 1. Turbidity of barium sulfate suspensions as determined in the spectro- 
photometer. 
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Fic. 2. Absorption spectra of a solution of hemolyzed red blood cells, a dilution 
serum of high bilirubin content, and a barium sulfate turbidity standard. 


sectrum of a turbidity standard of 15 units is compared with the absorp- 
tion spectra of a 1:250 dilution of hemolyzed red blood cells and of a 1:60 
dilution of serum containing 14.0 mg. per cent of bilirubin. It will be seen 
that turbidity determinations done at 650 my are relatively free of inter- 
ference from light absorption due to bilirubin and hemoglobin. This 
Wave-length is far removed from the absorption maxima of these com- 
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pounds. The concentration of hemoglobin in the solution tested far 
exceeds the amount that might be present in a 1:60 dilution of serum, even 
in the presence of gross hemolysis. At 650 mu, light absorption by serum 
containing as much as 14.0 mg. per cent of bilirubin is insignificant when 
diluted as in the test. Therefore, it seemed that this wave-length was the 
one best adapted for turbidimetric determinations under the conditions of 
the thymol turbidity reaction. 

The effectiveness of a procedure of this type is dependent upon rigorous 
standardization. The gelatin standards of Kingsbury et al. (3) contain a 
suspension of formalazin and are standardized against solutions of albumin 
precipitated with 3 volumes of 3 per cent sulfosalicylic acid. These stand- 
ards are not easily reproducible and may change somewhat on standing. 
Attempts were made to obtain turbidity standards by the precipitation of 
solutions of albumin with 3 volumes of 3 per cent sulfosalicylic acid. Crys- 
tallized egg albumin prepared by precipitation with sodium sulfate (4), 
3 . crystalline bovine albumin,’ and human albumin’ in concentrations varying 
from 0.05 to 0.2 gm. per cent were used. The concentration of albumin was 
determined by estimation of the protein nitrogen by the micro-Kjeldahl 
technique. There was a straight line relationship between the optical 
density at 650 mu and varying concentrations of albumin. However, it 
was found that preparations of albumin from different sources, prepared by we 
different methods, and probably characterized by varying degrees of 
denaturation failed to duplicate standard curves obtained with other 
albumin preparations. This is demonstrated in Fig. 3, in which the tur- Res 
bidimetric determinations of three different albumin preparations pre- 
cipitated with sulfosalicylic acid are compared. For these reasons it 
became apparent that an albumin standard was wholly inadequate and Se 
another type of standard was sought. The barium sulfate standard of 
Wadsworth (5) which is used for measuring turbidity of bacterial suspen- : 
sions was found to be a sufficiently stable and reproducible standard. It 
was adapted for use in this procedure, as described above. 

The thymol turbidity reactions of sera from forty-six normal subjects Witl 
were compared with those of sera obtained from 83 patients early in the 
course of acute infectious hepatitis. The results are compared in Table 
I. The highest turbidity value in the group of normal subjects was 4.7 
units and the mean for this group was 2.66 units. There was a marked 
increase in thymol turbidity in the presence of liver damage produced by 
infectious hepatitis. The mean thymol turbidity reaction in the group of 
patients with infectious hepatitis was 17.03 units. Only one of the 8 
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patients had reactions of less than 5.0 units, which in the experience of this 
lgboratory represents the high limit of normal. During convalescence from 
the disease there was a gradual decrease from initial high thymol turbidity 
toresults that were in the normal range. Similar increased turbidity values 
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Fic. 3. Comparison of turbidity of varying concentrations of bovine albumin, 
human albumin, and egg albumin precipitated with sulfosalicylic acid. 


TABLe I 


Results of Thymol Turbidity Reaction in Forty-Six Normal Subjects and in 83 Patients 
with Infectious Hepatitis 





Units of thymol turbidity 




















oo | 10.0- | 15.0- 0- 
| 0.0-2.5 | 2.5-5.0 | $.0-10.0) rr | ‘200 rr | > | ao) 
Normal | No.ofsub- | 20 | 2 | 0 | 0 | 0 | 0] 0] 0 | 2.66 
jects f 
% of subjects, 43.5 66.5 0, 0 | O |} O | O | O | 
Withhep-| No. of pa- 0 1 16 | 19 17 18 Ss 4 17.03 


atitis | tients | | | 
% of patients | 0 1.2} 19.3) 22.9) 20.5) 21.7) 9.6 4.8 





have been observed with sera from patients with other types of hepatic 
parenchymal damage, such as that resulting from toxic hepatitis and cirr- 
hosis of the liver. With the modified technique the normal range in units 
of turbidity is nearly identical with that observed by Maclagan (2) and the 
degree of increase in turbidity occurring in the presence of liver damage is 
tomparable with results obtained with the original technique. 
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SUMMARY 


A modification of the thymol turbidity reaction has been described which 


permits turbidimetric measurement in the spectrophotometer. The 
method has been simplified, and more exact standardization of the pro. 
cedure has been achieved by the use of a barium sulfate standard. De. 
termination of the thymol turbidity reaction of sera from forty-six normal 
subjects gave values with a range of from 0 to 4.7 units, with a mean of 
2.66 units. In 83 patients with infectious hepatitis the thymol turbidity 
was increased in 82 and the mean for the group of patients was 17.03 units, 
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STUDIES ON PHOSPHATASE-CONTAINING ENZYME PRODUCTS 
FOR HYDROLYSIS OF COCARBOXYLASE IN BREWERS’ 
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HYDROGEN ION CONCENTRATIONS* 
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While the author was engaged in a recent study on the availability of 
thiamine in brewers’ type yeasts (1), attempts were made to reduce to the 
minimum the errors inherent in the thiochrome method of determining 
vitamin B, in foods, as developed by Hennessy and Cerecedo (2) and modi- 
fed by Conner and Straub (3) and the research staff of Merck and Company 
(4). It was found that lack of optimum hydrogen ion concentration before 
incubation with taka-diastase produced enormous errors in the vitamin 
B, content of dried yeasts. Such results stimulated the extension of our 
study to other foods and food products. 

For the enzymatic hydrolysis of cocarboxylase in foods Hennessy and 
Cerecedo (2) in their original method adjusted their vitamin solutions be- 
fore incubation to pH 6.5 to 7.0 when they used a kidney extract as a 
source of phosphatase. They incubated their samples at 37° for 3 hours. 
Employing commercial phosphatase preparations, Conner and Straub 
(3) found the optimum pH before incubation to be 4.5 to 4.7. The latter 
investigators used a temperature of 45° for a period of 2 hours. We concur 
with the observations of Conner and Straub with regard to the optimum 
pH for the enzymatic hydrolysis of cocarboxylase in foods, which can be 
obtained by the use of 6 to 7 cc. of 2 N sodium acetate solution. We, 
however, followed the procedure of Brown, Hamm, and Harrison (5) of 
wing a temperature of 52° for incubation for 2 hours, as suggested by 
Andrews (6). 

In this study we were impressed with the high incidence of hydrolysis of 
the cocarboxylase in commercial wheat embryo at extremely low hydrogen 
ion concentrations compared with the hydrolysis of combined thiamine 
in two brands of brewers’ type of dried yeasts.' It was also thought of 


* Research paper No. 806, Journal Series, University of Arkansas. Published with 
the approval of the Director of the Arkansas Agricultural Experiment Station. A 
preliminary report of this paper has appeared (Federation Proc., 4, 107 (1945)). This 
study was aided by a grant from the Williams-Waterman Fund of the Research Cor- 
poration. 
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interest to determine the efficiency of enzymatic hydrolysis of coggy. 
boxylase in the yeasts and wheat embryo as influenced by the source of 
the phosphatase. Accordingly, four commercial products were studied 
that are used extensively in the determination of thiamine in foods and 
food products; namely, taka-diastase,’ clarase,’ mylase P,‘ and polidase! 
The results of this investigation are submitted in Tables I to VIII. 

It will be noted from Table I that at pH 2.5 to 2.65 neither taka-diastase, 
clarase, nor polidase hydrolyzed any cocarboxylase in brewers’ type Yeast 
1, which had a total thiamine content of 754.5 y per gm. On the other 
hand, great efficiency of hydrolysis of cocarboxylase of wheat embryo was 
effected by all these commercial phosphatase preparations at even more 
acid hydrogen ion concentrations; 7.e., taka-diastase, at pH 1.92, 75.2 per 
cent; clarase, at pH 2.26, 81.8 per cent; polidase, at pH 2.11, 87.6 per cent; 
and mylase, at pH 1.99, 77.7 per cent (Table III). In brewers’ type Yeast 
2, at pH about 3 we still have low yields of hydrolysis of combined thia- 
mine: taka-diastase, at pH 3.04, 11.0 per cent; clarase, at pH 3.22, 12.9 per 
cent; polidase, at pH 3.15, and even at 3.97, only 1.4 per cent; and mylase, 
at pH 2.95, 36.2 per cent (Table II). However, at pH 2.97 mylase hydro- 
lyzed 92.5 per cent and at pH 3.08 polidase hydrolyzed 90.1 per cent of the 
cocarboxylase of wheat embryo (Table III). At the low hydrogen ion 
concentrations large proportions of cocarboxylase were also hydrolyzed in 
commercial wheat embryo previously extracted with organic solvents (vio- 
bin)® (Table V) but not to the same extent as in unextracted commercial 
wheat germ (Table III). 

When 5 cc. of a 10 per cent solution of the various phosphatase products 
were used, which is equivalent to 0.5 gm. of dry substance, taka-diastase, 
clarase, and mylase proved equally efficient in the case of brewers’ type 
Yeast 1 and polidase slightly inferior. However, on brewers’ type Yeast 
2, polidase was definitely the poorest source of phosphatase, since the maxi- 
mum efficiency of hydrolysis was only 48.5 per cent. It would appear then 
that in the evaluation of the efficiency of commercial sources of phos- 
phatases for the hydrolysis of combined thiamine in foods one must con- 
sider the substrate as well as the source of the enzyme. When, however, 
used in high concentration (Table III) polidase was just as efficient as 
taka-diastase, clarase, and mylase in hydrolyzing the cocarboxylase of 
wheat embryo. Of course, wheat embryo was found to have only 12 7 of 


? Parke, Davis and Company, Detroit, Michigan. 

* Takamine Laboratories, Inc., Clifton, New Jersey. 

* Wallerstein Laboratories, New York 16, New York. 

§’ Schwarz Laboratories, Inc., New York. 

* Kindly furnished by The Viobin Corporation, Monticello, Illinois. 





S “3 


21 


FezSses 


| i 


—_ eS 6S 








B. SURE 141 


eocarboxylase compared with 483 and 317 y of combined thiamine in the 
ts and it is possible polidase has sufficient phosphatase for hydrolyzing 
the combined thiamine in the wheat germ but not enough for the yeasts. 


Tasie I 


Influence of pH and Source of Phosphatase on Thiamine Content of Brewers’ 
Type Yeast 1 








Per cent of com- 





. . t . P 
Sere ot phowrbatase pt | Thiamine | acim | Gpmbinet ined thamine 
= Y per gm. y per gm. 
Taka-diastase 2.50 263.6 34.9 0 0 
2.73 281.8 37.3 10.2 2.1 
3.45 563.6 74.7 292.0 60.5 
3.92 568.3 75.3 296.7 63.5 
4.42 627.3 83.2 355.7 73.7 
4.65 718.2 95.2 446.6 92.5 
4.70 754.5 100.0 482.9 100.0 
4.89 718.2 95.2 446.6 92.5 
Clarase 2.56 272.3 36.0 0.7 0.2 
2.91 281.8 37.3 4.2 0.9 
3.51 | 490.9 66.5 219.3 45.5 
3.89 636.3 84.3 364.7 75.5 
4.38 700.0 92.8 428.4 88.7 
4.58 681.8 90.5 410.2 84.9 
4.70 754.5 100.0 482.9 100.0 
Polidase 2.65 | 263.6 34.9 0 0 
3.51 281.8 37.3 10.2 2.1 
4.00 336.3 43.2 64.7 13.4 
4.42 | 536.3 71.1 264.7 52.8 
4.63 663 .6 88.5 392.0 81.1 
4.91 681.8 90.4 410.2 85.3 
5.18 | 681.8 90.4 410.2 85.3 
Mylase 2.71 | 281.8 37.3 10.2 2.1 
3.28 590.9 78.4 319.3 66.1 
3.90 609.1 80.8 337.5 70.0 
4.30 754.5 100.0 482.9 100.0 
4.53 754.5 100.0 482.9 100.0 
4.73 | 73.3 | 97.6 464.7 96.2 
4.82 736.3 97.6 464.7 96.2 
v0 


15 700.0 92.8 428.4 88.7 








*5cc. of a 10 per cent solution. 


On the other hand, Clausen and Brown (7) found polidase to be the most 
potent commercial phosphatase for bread which is a low cocarboxylase- 
containing product. Their results were not confirmed, however, by 
Brown, Hamm, and Harrison (5). 
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In order to determine further the relative efficiency of the commercial 
phosphatase products, they were studied in different concentrations op 
the yeasts and wheat embryo. From Tables VI and VII it is apparent 
that when 5 cc. of a 10 per cent solution are employed, equivalent to 05 
gm. of dry substance, taka-diastase, clarase, and mylase are equally eff- 
cient and that polidase is definitely poorer. At the 1 per cent concentra. 
tion, equivalent to 0.05 gm. of dry substance, polidase is a complete failure, 
there being no difference among the other three phosphatase preparations, 

















TaBie II 
Influence of pH and Source of Phosphatase on Thiamine Content of Brewers’ 
Type Yeast 2 
| a" Per cent of - : Per cent of com- 
Source of phosphatase* pH | =e | — ee gb 5 
| Y per gm. | Y per gm. 

Taka-diastase 3.04 | 206.2 | 42.2 | 35.3 11.0 
n'y) “Saee 4 78.5 | 212.2 66.9 
4.02 | 432.5 | 88.7 261.6 82.7 
4.38 | 488.3 | 100.0 317.4 100.0 
4.48 | 487.0 | 99.8 316.1 99.6 
Clarase 3.22 211.7 43.5 40.8 12.9 
3.97 | 387.7 73.6 186.8 58.9 
4.21 | 39.7 | 80.1 | 225.8 71.2 
4.53 | 435.1 | 89.2 264.2 | 83.9 
4.70 | 454.5 93.1 283.6 | 89.4 
Polidase 3.15 | 175.3 35.8 | 4.4 | 1.4 
3.97 | 175.3 37.1 4.4 1.4 
‘sm | 3 43.4 40.8 | 12.9 
4.52 | 227.3 46.5 76.4 24.1 
4.85 | 324.8 66.6 153.9 | 48.5 
Mylase 2.95 | 285.7 58.5 114.8 | 36.2 
3.79 | 415.7 85.2 | 244.8 77.2 
4.10 | 415.7 85.2 24.8 | 77.2 
4.45 | 454.5 93.1 | 283.6 | 8.4 
4.68 | 441.5 91.9 | 270.6 | 85.3 











*5 cc. of a 10 per cent solution. 


However, at the 0.1 per cent concentration, equivalent to 0.005 gm. of dry 
substance, clarase is poorer than either taka-diastase or mylase, the latter 
two being about equally efficient. With wheat embryo (Table IV) the 
striking difference is apparent only in the greatest dilution, equivalent 
to 0.001 gm. of dry substance. At that dilute concentration, mylase 
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ed the most efficient, yielding 56 per cent of hydrolyzed cocarboxylase 
compared with only 19.7 per cent of combined thiamine hydrolyzed by 
ther taka-diastase, clarase, or polidase. 


TaB_e III 


Influence of pH and Source of Phosphatase on Thiamine Content of 
Commercial Wheat Embryo 








Per cent of Per cent of com- 





Source of phosphatase* pH a — Copies | eed, = 
y per gm. y per gm. 

Taka-diastase 1.73 18.7 82.6 7.5 62.0 
1.92 20.3 87.0 9.1 75.2 
2.21 20.3 87.0 9.1 75.2 
3.07 21.8 93.6 10.6 87.6 
4.60 23.3 100.0 12.1 100.0 
4.88 22.1 94.3 10.9 90.1 
5.13 22.1 94.3 10.9 90.1 

Clarase 1.97 20.0 85.8 8.8 72.9 
2.26 21.1 90.6 9.9 81.8 
2.51 21.1 90.6 | 9.9 81.8 
3.15 21.1 90.6 9.9 81.8 
4.87 23.3 100.0 | 12.1 100.0 
5.05 23.3 100.0 12.1 100.0 

Polidase 2.03 20.9 89.7 9.7 80.2 
2.11 21.8 93.6 10.6 87.6 
3.08 22.1 94.3 | 10.9 90.1 
4.13 23.3 100.0 12.1 100.0 
4.73 | 2.3 100.0 12.1 100.0 
4.97 23.3 100.0 12.1 100.0 

Mylase 1.99 20.6 88.3 9.4 77.7 
2.38 21.1 90.6 9.9 81.8 
2.97 22.4 96.1 11.2 92.5 
4.20 21.9 94.0 | 10.7 88.2 
4.69 23.3 100.0 12.1 100.0 
4.93 23.3 100.0 12.1 100.0 
5.22 22.7 


97.3 | 11.5 | 95.0 





*5ee. of a 10 per cent solution. 


Another point of interest is our observation that the phosphatase in 
taka-diastase and mylase for the hydrolysis of cocarboxylase in brewers’ 
type Yeast 2 is easily destroyed by a few minutes contact at a low pH within 
‘narrow range of hydrogen ion concentration (Table VIII). The yeast 
extracts containing 295.5 y of combined thiamine were allowed 3 minutes 
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contact at pH levels ranging from 1.7 to 2.32 and were then immediately 
buffered to pH 4.52 to 4.65, at which hydrogen ion concentration optimum 
results were obtained. With taka-diastase, g change from pH 1.7 to 294 
was accompanied by a change from 0 to 82.4 per cent hydrolyzed coeay. 
boxylase and at pH 2.26 a 100 per cent yield was obtained. With mylase, 
a change from pH 1.75 to 2.05 resulted in an increase of 42.3 per cent 
hydrolysis of cocarboxylase and at pH 2.32 the phosphatase was completely 
stable during 3 minutes contact. In other words, by 3 minutes contact at 


TasBLe IV 


Influence of Source and Concentration of Phosphatase on Thiamine Content of 
Commercial Wheat Embryo 





| | 




















Concentration of Thiamine | Pet cent of | Combined | outs 
Source of phosphatase phosphatase | pH content “a thiamine | thiamine 
| os | hydrolyzed 
| percent | cc y per gm. Y per gm. 
Taka-diastase 10.0 5 4.53 22.4 | 100.0 11.6 | 100.0 
|} 1.0 | 5& | 4.53] 20.9 93.3 | 10.1, | 90.4 
0.1 5 4.53 18.7 83.7 7.9 | 68.4 
0.1 1 4.53 13.1 58.5 2.3 | 19.7 
Clarase 10.0 5 4.65 | 22.4 100.0 11.6 100.0 
., 2S 5 | 4.65 18.2 | 81.2 7.4 62.9 
| 0.1 5 | 4.65 | 16.3 | 72.8 5.5 | 47.8 
0.1 1 | 4.65 13.1 | 58.5 2.3 | 19.7 
Polidase 10.0 5 4.70 22.4 | 100.0 | 11.6 | 100.0 
1.0 | 5 | 4.70] 22.4 | 100.0 | 11.6 | 100.0 
0.1 | 5 | 4.70 3.3 | 61.3] 7.4 62.9 
0.1 | 1 | 4.70] 13.1 58.5 | 2.3 19.7 
ylase 0.0 | 5 | 4.69 | 22.4 100.0 | 11.6 100.0 
1.0 | 5 | 4.69 22.4 100.0 11.6 100.0 
0.1 | 5 | 4.69 18.2 | 81.2 7.4 62.9 
0.1 | 1 | 4.69 | 17.3 | 77.2 | 6.5 56.0 











pH 1.7 to 1.75 the cocarboxylase phosphatase in taka-diastase and mylase 
is entirely destroyed but contact for the same period at pH 2.26 to 2.32 
has not produced any deleterious effect on this enzyme in either of these 
commercial preparations. 

The fact that the cocarboxylase in wheat embryo can be hydrolyzed by 
phosphatases at a much lower hydrogen ion concentration than the com- 
bined thiamine of brewers’ type yeasts would suggest that thiamine exists 
in a differently combined form in wheat germ than in the type of yeasts 
studied: 
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Influence of pH and Source of Phosphatase on Thiamine Content of Commercial 
Solvent-Extracted Wheat Embryo (Viobin) 




















a Per cent of | . . Per cent of com- 
Source of phosphatase* | pH | ae | — | a ae De 
y per gm. | y per gm. 
Taka-diastase 7. Se eee | 61.3 0 0 
2.30 17.3 | 74.2 2.9 32.7 
3.48 18.7 | 80.3 4.3 48.9 
4.73 23.3 | 100.0 | 8.8 100.0 
4.91 | 23.3 100.0 | 8.8 100.0 
Clarase 2.17 | 21.2 | 90.6 6.8 77.3 
257 | 2.1 | 4.3 | 7.7 87.5 
2.98 | 22.1 4.3 | 7.7 87.5 
4.51 23.3 | 100.0 8.8 100.0 
4.97 23.3 | 100.0 8.8 100.0 
Polidase 2.15 . & he 54.5 0 0 
2.43 14.2 | 60.7 0 0 
3.04 20.3 | 87.0 5.9 67.0 
4.27 21.5 | 92.2 | 7.1 80.7 
4.69 23.3 100.0 | 8.8 100.0 
Mylase 1.94 13.9 | 59.2 | 0 Bee. 
2.30 ? 74.2 | 2.9 32.9 
3.38 nz. | me 5.3 | 60.2 
4.23 21.5 92.3 7.1 80.7 
4.77 | 2.3 | 100.0 8.8 100.0 
*5cc. of a 10 per cent solution. 
TasBie VI 


Influence of Source and Concentration of Phosphatase on Thiamine 


Content of Brewers’ 














Type Yeast 1 
Concentra- Per cent of 
: — Per cent of | - : - 

Source of phosphatase |, NOR .,, pH | Thinrent’ | maximum | Conon | thiamine 
(5 cc.) y | hydrolyzed 

per cent vou Gm. y per gm 
Taka-diastase......... 10.0 4.75 746.0 100.0 477.4 100.0 
a 10.0 4.70 727.3 97.5 458.7 96.1 
a 10.0 4.71 | 666.7 89.4 398.1 81.3 
Mylase........ , 10.0 4.75 | 746.0 100.0 477.4 100.0 
Taka-diastase . 1.0 4.57 | 691.0 92.6 422.4 88.8 
Clarase...... 1.0 4.58 | 691.0 92.0 | 422.4 88.8 
Polidase 1.0 4.68 | 291.0 39.0 22.4 4.7 
a 1.0 4.70 | 691.0 | 92.6 | 422.4 | 88:8 
Tika-diastase....... 0.1 | 4.75 | 624.0 | 83.6 | 355.4 , 74.4 
a 0.1 4.71 | 309.1 40.4 40.5 8.4 
TS 0.1 4.68 | 624.0 | 83.6 | 355.4 74.4 
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Taste VII 


Influence of Source and Concentration of Phosphatase on Thiamine Content of Brewers’ 
Type Yeast 2 

















= _ ee 

Concentra- | ; | Pe 

Source of phosphatase eee pH ie | maximum Conhinnl combined 

| (Sec.) | se hydrolyzed 
neuinlidiettnchaiticin Reatianiiianiapaesel neers) be! 

percent | y per gm. y perigm. 
Taka-diastase..........| 10.0 | 4.65 | 454.5 | 100.0 | 295.4 | 100.0 
Clarase. . nae |; 10.0 4.71 448.0 98.7 288.9 97.8 
SF ee | 10.0 4.69 357.1 78.5 197.9 66.9 
Mylase .. ie 4.62 454.5 | 100.0 | 295.4 | 100.0 
Taka-diastase.......... | 10 | 4.53 402.6 88 .6 243.5 | 82.4 
Clarase.. - | 1.0 4.60 402.6 88.6 243.5 82.4 
Polidase iar 1.0 4.59 188.3 41.4 29.2 9.9 
Mylase.... nial 1.0 4.62 402.6 88.6 243.5 82.4 
Taka-diastase..........| 0.1 4.70 | 388.7 85.6 | 229.6 | 77.7 
a | 0.1 4.72 318.5 70.2 159.4 53.9 
Mylase.. 0.1 4.67 402.6 88.6 243.5 82.4 





TaBLe VIII 


Influence of 3 Minutes Contact of Taka-diastase and Mylase in Slightly Acid Solutions 
on Their Efficiency to Hydrolyze Cocarborylase in Brewers’ Type Yeast 2 











|Per cent of com- 

















| 3 ee oa 
Source of phosphatase | Initial pH | Pcontactand | ne oe | we 
| per gm. y per gm. 
Taka-diastase 4.58 454.5 295.5 | 100.0 
| 1.70 4.55 159.0 0 0 
1.88 4.55 194.8 35.8 12.1 
2.04 4.56 402.6 243.6 | 82.4 
2.26 4.57 454.5 295.5 100.0 
Mylase 4.55 454.5 295.5 100.0 
1.75 4.52 246.8 87.8 29.8 
1.86 4.53 272.7 113.7 38.4 
1.93 4.55 292.2 133.2 45.1 
2.05 4.52 374.0 215.0 72.1 
2.12 | 4.55 | 374.0 215.0 | 72.1 
2.27 | 4.62 | 406.5 247.5 | 8.6 
2.32 | 4.65 | 454.5 295.5 | 100.0 
| 
SUMMARY 


At low hydrogen ion concentrations of 2.5 to 2.7, practically no free 
thiamine is liberated by commercial phosphatase preparations from the 
cocarboxylase of two brewers’ type yeasts. On the other hand, at the 
same range of pH, 75 to 88 per cent of combined thiamine is hydrolyzed 
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by such phosphatases from commercial wheat embryo. These results 
suggest that cocarboxylase may exist in different combinations in these 
food products. 

A study was made of the relative efficiency of four commercial phos- 
phatase preparations for the hydrolysis of cocarboxyfase in two brewers’ 
type yeasts and in commercial wheat embryo. For the yeasts, polidase 
proved the poorest. In very dilute concentrations, taka-diastase and 
mylase were the most efficient. However, in higher concentrations, 
taka-diastase, clarase, and mylase proved of equal value. For wheat 
embryo, when used in amounts equivalent to 0.5 gm. of dry substance, all 
the four commercial phosphatase preparations were of equal efficiency. 

After 3 minutes contact at pH 1.7 to 1.75, the phosphatases in taka- 
diastase and mylase lost completely their activity to hydrolyze the cocar- 
boxylase in a brewers’ type of yeast. However, on contact during the 
same period at pH 2.26 and 2.32, the phosphatases in taka-diastase and 
mylase respectively were found completely stable. 
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During prolonged activity of cholinergic systems an acetylcholine- 
like substance is synthesized locally (1, 2) since more acetylcholine can be 
released during stimulation than is present in the non-stimulated organ. 
The energy necessary to perform various physicochemical processes is 
yually supplied through oxidative processes and glycolysis. It has al- 
rady been found that the addition of glucose (3-6) and some of the C, 
dicarboxylic acids (7) in relatively low concentrations increases the synthesis 
ofacetylcholine in vitro. The purpose of the following investigation was to 
determine (1) the amount of acetylcholine synthesized by minced fresh 
brain after severe inhibition of its glycolysis and respiration, and (2) the 
eect of added amounts of various intermediary products of glycolysis on 
the synthesis of acetylcholine. 


Method 


The effect of the substances on the acetylcholine synthesis was studied 
by the method described previously (8). Mixtures containing varying 
amounts of the substances used (pH corrected to 7.4), 100 mg. of minced 
fresh frog brain, 3 mg. of physostigmine salicylate, and 3 cc. of Ringer’s 
wlution were shaken and incubated aerobically, if not otherwise indicated, 
for 4 hours at 37°. After incubation the amounts of acetylcholine synthe- 
sized were assayed biologically on the sensitized rectus abdominis muscle 
if the frog. It was also ascertained whether the substances modified 
the sensitivity of the rectus abdominis muscle to the acetylcholine content 
ofthe mixtures during the 2 minutes of immersion for the biological assay 
ty adding the substances to incubated control mixtures after incubation. 
Ifthe substances modified the sensitivity of the rectus abdominis muscle 
le acetylcholine, the changes were taken into account by the calculation. 

Caleulation—The amount of acetylcholine synthesized was calculated by 
ubtracting from the acetylcholine content of the incubated mixtures the 
“etylcholine content of identical non-incubated mixtures. The amount 
ifacetylcholine synthesized in the control mixtures containing only brain, 


*This study was aided by a grant from the John and Mary R. Markle Foundation. 
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physostigmine, and Ringer’s solution was taken as 100 per cent. The 
acetylcholine content of the mixtures containing the various substances 
used was expressed as a per cent of the control. 


Results 


. 
Effect of Inhibition of Glycolysis and Respiration on Acetylcholine Syn- 
thesis—Quastel, Tennenbaum, and Wheatley (3) found that fresh minced 
brain in vitro synthesized much more acetylcholine aerobically than 
anaerobically. However, in the presence of adenosine triphosphate a 
considerable amount of acetylcholine is synthesized anaerobically (9, 10). 


Tasie I 
Effect of Inhibitors of Glycolysis on Anaerobic Synthesis of Acetylcholine 











Amount of acetylcholine synthesized in per cent of control* 














Substance Amounts of substances added to 100 mg. frog brain 
3 mg. | 0.3 mg. 0.03 mg. 0.003 mg. 
pee paecycnusinmnneshoialiettaastiiadiasidel outa ana) sorwe - anes SreRees =. bast)". 
Fluoride....... BAP palate 109 90 82 81 
Monoiodoacetate...............| 19 20 43 103 








* Each value represents the average of eight separate experiments. The standard 
error of the mean for each value was less than +5 per cent. The amount of acetyl- 
choline synthesized in micrograms per 100 mg. of frog brain, followed by the standard 
error of the mean, was 0.32 + 0.015. 





With the preparation and technique described above an average of 0.32 
y of acetylcholine was synthesized anaerobically (without .addition of 
adenosine triphosphate) and 0.95 y aerobically. It would appear, there- 
fore, that most of the energy required for the synthesis of acetylcholine is 
supplied by oxidative processes if oxygen is available and by anaerobic 
glycolysis in the absence of oxygen when adenosine triphosphate is 
available. 

To test the effect of inhibition of respiration and anaerobic glycolysis 
on the amount of acetylcholine synthesized, known inhibitors of the 
glycolysis (monoiodoacetate, fluoride (11, 12)) were added to the mixtures 
before incubation and the mixtures were incubated in nitrogen instead of 


oxygen. 

The amounts of acetylcholine synthesized are given in Table I. Fluoride 
did not significantly modify the amount of acetylcholine synthesized. 
Since fluoride is known to inhibit the transformation of phosphoglycerate 
to phosphopyruvate and to inhibit various phosphorylations, it is likely 
that the acetylcholine synthesis is not modified by the products of phos- 
phoglycerate and does not depend on fluoride-sensitive phosphorylations. 
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Monoiodoacetate decreased the amount of acetylcholine synthesized, 
probably because of the inactivation of the —SH group of the enzyme 
involved in the acetylcholine synthesis rather than the inhibition of the 
transformation of triose phosphate to 3-phosphoglycerate. 

In the following series of experiments inhibitors of glycolysis (mono- 
iodoacetate, glyceraldehyde, fluoride) were added to the mixtures before 
aerobic incubation. 

The amounts of acetylcholine synthesized are given in Table II. The 
results suggest that inhibition of glycolysis does not inhibit acetylcholine 
synthesis ‘significantly. Glyceraldehyde in concentrations of 0.0055 m is 
known to decrease the glycolysis in brain by 90 per cent (11, 12), but, in 
concentrations as high as 0.01 m, glyceraldehyde decreased the acetylcholine 
synthesis only by 30 per cent. Fluoride in concentrations of 0.01 m is 

Tasie II 
Effect of Inhibitors of Glycolysis on Synthesis of Acetylcholine 





Amount of acetylcholine synthesized in per cent of control* 




















| 
Substance Amounts of substances added to 100 mg. frog brain 
| 30 mg. 3 mg. 0.3 mg. 0.03 mg. | 0.003 mg. | 0.0003 mg. 
Glyceraldehyde......... | 70 94 102 | 100 99 
0 Ea oe 77 9% | 105 105 104 
Monoiodoacetate........ | 21 47 | 78 102 | 104 





* Each value represents the average of eight separate experiments. The standard 
error of the mean for each value was less than +5 per cent. The amount of acetyl- 
choline synthesized in micrograms per 100 mg. of frog brain, followed by the standard 
error of the mean, was 0.95 + 0.033. 


known to inhibit the transformation of phosphoglycerate to phosphopyru- 
vate by 100 per cent (11, 12), but, in concentrations as high as 0.024 m, 
it inhibited the acetylcholine synthesis only by 23 per cent and in concen- 
trations of 0.24 m by 58 per cent. Monoiodoacetate in concentrations of 
0.000054 m is known to inhibit the transformation of triose phosphate 
to 3-phosphoglycerate by 97 per cent (11, 12), but, in concentrations as 
high as 0.00054 a, it inhibited the acetylcholine synthesis only by 53 per 
cent and in concentrations of 0.0054 m by 80 per cent. The inhibition of 
acetylcholine synthesis by monoiodoacetate was probably due to inactiva- 
tion of the —SH groups of the enzymes involved in the synthesis. Rela- 
tively large concentrations of monoiodoacetate were required for complete 
inhibition of the acetylcholine synthesis, probably because the present ex- 
periments were carried out at pH 7.4, a pH unfavorable for the action 


of monoiodoacetate (13). 
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Effect of Intermediary Products of Carbohydrate Metabolism on Acetyl- 
choline Synthesis—The amounts of acetylcholine synthesized in the presence 
of some intermediary products of carbohydrate metabolism, some organic 
phosphates, and their decomposition products are given in Table III, 


TaB_e III 
Effect of Various Substances on Acetylcholine Synthesis 








Amount of acetylcholine synthesized in per cent of control* 














Substance Amounts of substances added to 100 mg. frog brain 
30mg. | 3mg. 0.3 mg. | 0.03 mg 0.003 mg. | 0.0003 mg. 

Fructose diphosphate. .. acs | 220 184 | 148 99 98 
Dihydroxyacetone monophos- 

phate....... array bed 9: | 5&7 77 118 123 112 
8-Glycerophosphate ete 103 105 105 102 104 
Pyruvie acid.... <el O08 116 110 104 104 99 
Acetyl phosphate. . ee | 62 88 | 100 104 
Lactic acid............ ee we MC 124 120 111 103 
Acetic ‘ Pa aa'en weet 102 101 104 102 102 
Acetoacetic acid.............. 105 =| 101 103 100 98 
Acetone.......... iarihiriediatdintiacdl | 96 110 104 97 102 
Acetaldehyde. . fee 20 49 75 8S 92 
Ethyl alcohol... wo 91 105 100 99 97 
Glycerol. ...... ’ / 101 | 98 | 100 103 100 
Adenosine triphosphate....... .| | 177 157 137 113 102 
Creatine phosphate in wikael 147 134 118 112 108 
Creatine... scaett iano: Sel | 121 116 108 104 103 
ET ee Pere Pee | 13 | 97 | 101 98 100 
Inosinic acid (muscle)..... «....| 70 72 7 
ed as cekacncacies sai | 15 | 34 67 | 9 101 102 
Pyrophosphate ................ | 80 | 98 112 117 111 104 

















* Each value represents the average of eight separate experiments. The standard 
error of the mean for cach value was less than +5 per cent. The amount of acetyl- 
choline synthesized in micrograms per 100 mg. of frog brain, followed by the standard 
error of the mean, was 0.95 + 0.033. 


Fructose diphosphate, dihydroxyacetone monophosphate (low concen- 
trations), pyruvic acid, and lactic acid increased the amount of acetylcho- 
line synthesized. The increase of synthesis was least with pyruvie acid. 
The end-products of glycolysis tested (acetic acid, acetoacetate, acetone, 
ethyl alchol) did not modify the synthesis. 

Adenosine triphosphate, a compound capable of receiving, storing, 
and transmitting to cellular mechanisms (9, 10, 14-16) the energy produced 
by glycolytic and some other processes, increased the amount of acetyl- 
choline synthesized. A smaller increase was found in the presence of 
creatine phosphate, a reservoir for the phosphate group used during the 
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esterification of carbohydrates, and creatine. Creatinine did not modify 
the synthesis. Decomposition products of adenosine triphosphate (am- 
monia, inosinic acid (17)) decreased the synthesis. 

Pyrophosphate in low concentrations increased the synthesis and de- 
creased it in higher ones. It is known that pyrophosphate in low con- 
centrations (18, 19) protects the —SH group from oxidation and in 
higher concentrations inhibits various enzyme systems (20-22). 


Comment 


Intermediary products of glycolysis and organic phosphates may increase 
the synthesis of acetylcholine, suggesting that this increase of acetylcho- 
line synthesis is due to energy derived from glycolysis. Furthermore, the 
amount of acetylcholine synthesized may be regulated by the dynamic 
equilibrium of potentiator and inhibitor (ammonia, inosinie acid, ete.) 
substances. 

The results also suggest that if oxygen is available most of the energy 
required for the synthesis of acetylcholine is supplied by oxidative processes, 
and, in the absence of oxygen, by anaerobic glycolysis. However, it ap- 
pears that some acetylcholine synthesis can occur even in the absence of 
glycolysis and free oxygen supply. 

SUMMARY 


1. The effect of some products of glycolysis, some substances involved 
in the esterification of carbohydrates, and some inhibitor substances of 
glycolysis on the synthesis of acetylcholine was investigated. 

2. The synthesis was increased in the presence of fructose diphosphate, 
dihydroxyacetone monophosphate (low concentrations), pyruvic acid, 
lactic acid, adenosine triphosphate, creatine phosphate, creatine, and 
pyrophosphate (low concentrations). 

3. The synthesis was not modified in the presence of 8-glycerophosphate, 
acetic acid, acetoacetic acid, acetone, glycerol, ethyl alcohol, and creatinine. 

4. The synthesis was decreased in the presence of dihydroxyacetone 
monophosphate (higher concentrations), acetyl phosphate (higher concen- 
trations), acetaldehyde, ammonia, inosinic acid, pyrophosphate (higher 
concentrations), glyceraldehyde, fluoride, and monoiodoacetate. 


The authors wish to express their gratitude to Dr. W. H. Summerson, 
Dr. E. Shorr, Dr. F. Lipmann, and the Rockefeller Institute for the 
generous supply of the substances used. 
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THE EFFECT OF THE PRECEDING DIET 
UPON FASTING KETONEMIA 
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(From the Department of Biochemistry, Southwestern Medical College, Dallas) 


(Received for publication, November 8, 1945) 


Earlier investigations (1) upon the metabolism of animals with fatty 
livers suggested that further information on this subject might be obtained 
by a study of ketosis in these animals. It was observed that conflicting 
evidence had been presented in regard to the influence of the constituents 
of the preceding diet upon the degree of fasting ketosis. Deuel and Hall- 
man (2) found an appreciable increase in fasting ketonuria following the 
ingestion of a high fat, low protein diet for only 1 day in comparison with 
the level in the rats previously on a stock diet. This finding does not seem 
to be wholly in accord with the conclusions of MacKay et al. (3) that the 
degree of fasting ketosis is related to the amount of stored protein available 
for catabolism during fasting and that the protein intake preceding the 
fast is the principal determinant of the stored protein. If the degree of 
fasting ketosis is related to the stores of body protein, it seems unlikely 
that these stores should be changed sufficiently after 1 day on a low protein 
diet to have such a profound effect upon the fat metabolism during the 
ensuing period. A ketonuria would be associated with an appreciable 
ketonemia, since the renal threshold for the ketone bodies in the rat has 
been shown to be 25 to 30 mg. per cent (4). 

Later MacKay and coworkers (5) found the amount of fat in the preced- 
ing diet to have no significant influence upon the following fasting ketosis 
and the factor determining the extent of fasting ketosis to be the amount 
of antiketogenic material from the protein catabolized. Roberts and 
Samuels (6) have presented evidence which suggests that the degree of 
fasting ketosis is influenced by the fat content of the preceding diet. How- 
ever, a very high intake of fat (71 per cent of the diet) was required to 
produce a small elevation of ketone bodies in the blood and urine. 

The present study is the first of a series of studies on ketosis initiated 
in 1943. It was designed to evaluate the influence of some constituents 
of the preceding diet upon the following fasting ketonemia. The experi- 
mental diets preceding the fasting periods varied widely in protein, fat, 
and carbohydrate content. A micromethod was developed for the de- 
termination of ketone bodies in 0.2 cc. of blood. With this method the 
changes in the blood ketones could be followed in individual animals 
throughout the fasting periods. Thus it allowed the accumulation of more 
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extensive data than have been obtained previously. Due to marked individ- 
ual variations, this procedure should give more reliable data on ketonemia 
than those obtained by sacrificing a small number of animals (two or three 
usually) at the end of each time period. Most of the data in the literature 
have been obtained by the latter method. 

The protein intake preceding the fasting period was found to be more 
directly related to the degree of fasting ketonemia than were the intakes 
of the other constituents examined. However, the effect of ingested pro- 
tein seemed to be much greater than could be explained by the protein 
stores made available as antiketogenic material during fasting. 


Taste I 
Composition of Diets 
All diets were supplemented daily with 1 dried yeast tablet (400 mg.) and 2 drops 
of cod liver oil. To each 100 gm. of Diets 2 and 5 were added 1.0 and 0.5 gm. of 
choline and cystine respectively. 








y . a : 
Diet 1 Diet 2 Diet 3 Diet 4 Diet 5 Diet 6 








| percent percent | percent | percent percent | percent 
Casein. Fits otkvhey wets 5.0 | 5.0 | 20.0 20.0 20.0 | 30.0 
ee | 24.0 | 36.5 24.0 36.5 16.5 0.0 
Glucose* Pied sini wa pia | 24.0 36.5 24.0 | 36.5 | 16.5 0.0 
Cellu flour teases ee 2.0 2.0 2.0 2.0 2.0 
Salt mixturet........... 5.0 5.0 5.0 5.0 5.0 5.0 
Lard 13) ape See Ere CBee | 40.0 15.0 25.0 | 0.0 | 40.0 | 63.0 





* Generously supplied by the Corn Products Refining Company, New York. 
t Osborne, T. B., and Mendel, L. B., J. Biol. Chem., 37, 572 (1919). 


EXPERIMENTAL 


White male rats weighing approximately 200 gm. (Group II) and 150 
gm. (Group III) were used. The former animals were secured from 
Sprague-Dawley, Inc., and the latter ones from the Albino Farms. For 
2 weeks after arrival in the laboratory, the animals received Purina dog 
chow and distilled water. The animals were then fasted for 48 hours and 
determinations made of the fasting blood ketone levels to serve as control 
values. After a return to the stock diet for 8 days, all the animals received 
the experimental diets and distilled water ad libitum for 23 days. The 
composition of the diets is given in Table I. The daily food intake and 
weight changes were recorded. To determine more accurately the start 
of the fasting period, the rats were always fed at 3 p.m. each day and the 
food cups removed 23 hours later. The cups were not returned to the 
cages on the day the fasting period began and 3 p.m. was considered the 
start of the fast. Total blood acetone bodies were determined on blood 
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samples collected at intervals of 12, 24, and 48 hours after the start of the 
fast. The control and 12 hour fasting values were not determined on the 
animals of Group III. The room temperature was maintained between 
the limits of 23-27°. 


Methods 


Total blood acetone bodies were determined by a combination and 
modification of the methods of Shipley and Long (4) and Block and Bolling 
(7). The former method was followed in detail except for the following 
modifications. A 0.2 ec. saraple of blood was withdrawn directly from the 
clipped tail into an oxalated blood pipette and the tungstic acid filtrate 
prepared as suggested. The acetone was distilled from 4 cc. of filtrate 
to which had been added 12 cc. of water. This permitted duplicate de- 
terminations on one sample of blood and the collection of 9 cc. of distillate 
desired for colorimetric determinations. The oxidation of the ketone 
bodies to acetone and the distillation were completed as detailed in the 
original method. Ice water was circulated through the condenser to pre- 
vent loss of acetone. Large test-tubes, containing 1 cc. of 2 per cent sodium 
bisulfite, served as receivers during the distillation and later as absorption 
tubes in the Evelyn photoelectric colorimeter. After the distillation, their 
contents were made up to a volume of exactly 10 ec. and 10 ec. of 40 per 
cent sodium hydroxide added. The amount of acetone in the distillate 
was then determined according to the colorimetric method of Block and 
Bolling. Calibration curves were prepared from acetone standards run 
through the entire procedure. This standardization corrects for the error 
that would be introduced by the known loss of acetone during the distilla- 
tion. As an additional precaution, at least three points on the calibration 
curve were checked by running acetone standards concurrently with each 
series of blood ketone estimations. The deviations of these from the 
standard curve and of serial determinations on the same blood filtrate 
were less than 5 per cent. Thus this micromethod was found reliable and 
it permitted the desired serial determinations of the blood ketone bodies, 
measured as acetone, on the same animal. 

Apparent differences in the results of this study were analyzed for signifi- 
cance by the ¢ method of Fisher (8) and only those showing a P value of less 
than 0.01 were considered significant. Included with the data are the 


standard errors of the means calculated as »/3d?/N — 1/VN. 
Results 


The control fasting ketonemias of the groups selected on the basis of 
body weights were found quite uniform (average value of 12 + 1 mg. per 
cent). Thus the groups were distributed on the diets without regard to 
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the blood ketone levels, since they were similar. The degree of ketonemia 
at the end of various periods of fasting following the experimental diets 
is summarized in Table II. Similar blood ketone levels were present at 
the end of the various fasting periods in the animals on the low protein 
diets, Nos. 1 and 2. The same was true of the animals on the higher pro- 
tein diets, Nos. 3 to 6. A marked increase in the blood ketone bodies 
occurred at the end of the 24 and 48 hour fast in the animals on Diets 1 
and 2 as compared with those on the other diets. In Table III, the protein 
and fat intakes of both Groups II and III are calculated on the basis of 
body weight in order to give a better comparison of the dietary effects, 
since the amount of food ingested varies considerably with marked changes 


TaBLe II 
Fasting Ketonemia after Special Diets 
The animals received the diets for 23 days. There were eight animals weighing 
approximately 200 gm. on all diets except Diet 6 which included ten animals, 150 
gm. in weight. Blood ketone levels were determined at theend of various periods 
that began with the removal of the food cups, 24 hours after the last feeding. 





Blood ketone bodies during fasting 














} 
Goonp gna ~~ — | Change in weight | 

| 12 hrs. 24 hrs. | 48 hrs. 

} | 

gm. per cent | meg. per cent meg. per cent meg. per ceni 
II-1 9.8+0.1 1141.8 | 841 | 0+3 4443 
M2 | 2.3405 | 5.2422) 70 | B42 | 3842 
11-3 12.1 + 0.7 24.0 + 3.3 | 8+1 9+1 | 1541 
14 | 175406 | 7.2424 / 740 | 041 | 442 
1-5 8=6| 10.7402 | 30.944.7 | 641 740 | 1842 
WI6 | 7.0+0.3 | 343+ 3.8 | 7+1 | 1342 








in the fat content of the diet. The preceding protein intakes were found 
to be related to the fasting blood ketone levels. 

Effect of Fat Intake in Preceding Diet—To determine whether or not this 
is a factor governing fasting ketosis, the rats were fed fat at levels ranging 
from traces to 63 per cent of the diet (Table II). If comparisons of results 
after various dietary fat levels are made on animals ingesting the diets with 
the same protein content (either 5 or 20 per cent), the ketonemias were not 
significantly different after the various fasting periods. For example, the 
ketone levels were similar after the 5 per cent protein diets, one of which 
contained 15 per cent and the other 40 per cent fat. The same is true when 
the diets contained 20 per cent protein and from traces to 40 per cent fat. 
Also there were no appreciable differences in the fasting ketonemia after 
marked changes in the fat intake if the absolute amount of protein ingested 
was approximately the same (Table III). The animals in Groups II-3, 
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[[IJ-6, and I11-2 ingested 1.13 to 1.17 gm. of protein per 100 gm. of body 
weight per day during the experimental period and received from 38 to 
83 per cent of their calories as fat. Nevertheless all three of these groups 
had similar blood ketone levels during the following fasting periods. The 
same level of ketonemia found in these three groups was present in the 
animals of Group II-4 after ingesting a greater amount of protein and only 
traces of fat. Likewise, the animals after a low protein intake and 63 
and 30 per cent of their calories as fat (Groups II-1 and II-2) developed 
similar blood ketone levels. These results are not in accord with the finding 
of Roberts and Samuels (6) that the degree of fasting ketosis is influenced 


TaBLe III 
Relation of Preceding Protein and Fat Intakes to Fasting Ketonemia 
White male rats, Groups II and III, weighing 200 and 150 gm., respectively, were 
used. The protein and fat intakes per 100 gm. of body weight per day as tabulated 
are based on the averages for the experimental period of 21 to 23 days. Fasting 
periods began when the food was removed. 














: Intake per 100 gm.body weight per day Ketonemia after fasting 
Coomp ont | No. of animals 

Protein Fat 24 hrs. | 48 hrs. 
“% gm. gm. mg. per cent mg. per cent 
II-1 8 0.24 + 0.01 191+ 0.06 | 2023 | 444 3 
11-2 8 0.30+ 0.01 0.894003 | 2242 | 38+2 
III-3 i) 0.34 + 0.01 1.36 + 0.05 ll+z2 | 27+2 
III-1 9 0.34 + 0.02 | 1.384006) 10041 | %+2 
II-5 Ss 0.91 + 0.02 1.82 + 0.04 720 | 1322 
II-3 S 1.13 + 0.03 1.38 + 0.03 9+ 1 15+ 1 
III-6 10 1.17 + 0.04 | 2.45 + 0.02 | 7+1 13 + 2 
III-2 8 1.16 + 0.04 | 1.114004) 10021 18 + 2 
II-4 8 1.51 + 0.02 0.10+0.00 | 10+1 14 + 2 





by the fat content of the preceding diet when the protein intake is the same. 
In confirmation of earlier work (3), the increase or decrease in liver fat 
associated with the ingestion of sizable supplements of cystine or choline 
as in Diets 5 and 2 (Table II) did not affect the fasting blood ketone levels 
in this study. 

Effect of Protein Intake in Preceding Diet—The protein intake appears 
to be the chief factor governing the following fasting ketosis, as indicated 
by the results obtained after feeding protein at levels of 5, 20, and 30 per 
cent of the diet as shown in Table II. Only the animals previously on 
the 5 per cent protein diets (Nos. 1 and 2) showed a significantly greater 
fasting ketonemia. The fasting levels after the higher protein diets (Nos. 
3 to 6) were similar to those of the fasting controls. The results given in 
Table IIT show a definite relation of protein intake to the following fasting 
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ketone levels. All levels were similar after the protein intake reached about 
1 gm. per 100 gm. of body weight per day. Group III animals, from a 
different commercial source, seemed to be somewhat more resistant to 
developing a marked ketonemia after a low protein intake than did those 
of Group II. There were significant increases in ketonemia in all these 
animals during the second 24 hours on the fast (Table II). However, the 
animals of both groups previously on the higher protein and either the low 
or high fat diets did not reach the same blood ketone levels during the 
second 24 hours of the fast as did those during the first 24 hours after the 
lowest protein diet. 

MacKay et al. (3) have related the protein intake preceding the fast 
to the degree of fasting ketosis on the basis of the antiketogenic action of 
the “stored” protein. The higher nitrogen excretion on fasting after the 
higher protein intakes was used as a basis for this conclusion. The better 
maintenance of the blood sugar as well as the liver glycogen level during 
fasting in those rats was cited as excellent support for the view. The 
increase in the nitrogen excreted amounted to approximately 6 mg. per 
sq. dm. per day during the 2 day fast. The antiketogenic material avail- 
able from the metabolism of protein containing 6 mg. of nitrogen would be 
equivalent to about 22 mg. of glucose, a very small amount to have such 
a marked effect upon the metabolism of the fasting animal. 

We have shown previously (1) that a rapid drop in the liver glycogen 
occurs during the early fasting period in animals previously on a low pro- 
tein diet and suggested an increased rate of carbohydrate utilization in 
these animals. Further support for this suggestion was obtained in a 
recent study (9) in which animals on 5 and 20 per cent protein diets (Nos. 
21 and 24) stored 8 and 20 per cent of the caloric intake respectively after 
similar caloric intakes per unit of body surface. A significantly greater 
number of calories were utilized by the animals on the low protein diet. 
The increase in the degree of ketonemia after the low protein diets might 
be explained by this increased utilization associated with less gluconeo- 
genesis during fasting. A more rapid loss of the stores of the more readily 
available antiketogenic material in these animals would account for an 
earlier increase in the level of the blood ketone bodies. Additional evidence 
is being accumulated which supports this suggestion. 


SUMMARY 


Various dietary levels of fat, ranging from traces to 63 per cent of the 
preceding diet, or changes in the fat from 38 to 83 per cent of the caloric 
intake, with protein intakes the same, produced no significant differences 
in the blood ketone levels during the following fasting periods. 

Low protein intakes were associated with a following fasting ketosis 
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significantly higher than that after the ingestion of 1 gm. or more of protein 
per day for each 100 gm. of body weight. The preceding protein intake 
appears to be the major dietary factor affecting the degree of the following 
fasting ketonemia. 


The effect of the preceding intake upon the fasting ketosis can be ex- 


plained by an increased utilization of carbohydrate in the animals on a 
low protein diet as well as by a lack of antiketogenic material during fasting 
due to the absence of sufficient protein stores. 
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The announcement of the discovery of a new antibiotic, streptomycin, 
came early in 1944 (1). This substance was the product of a soil organism, 
Actinomyces griseus. In the short space of time since,a number of trials 
have demonstrated the value of streptomycin in the treatment of a variety 
of experimental infections in animals (2-5), and in the clinical treatment 
of human disease as well (6). 

Two publications have appeared, each giving a description for the 
preparation of a crystalline derivative of streptomycin from highly puri- 
fied material (7, 8). Schatz et al. (1) describe the means of obtaining 
crude preparations. But no detailed description has appeared of a pro- 
cedure for obtaining the high purity preparations used in preparing crys- 
talline derivatives and conducting chemotherapeutic trials.' The purpose 
of this paper is to describe a relatively simple procedure for obtaining 
streptomycin preparations containing 350 to 450 S units per mg. (9). 


EXPERIMENTAL 


The medium used by Schatz et al. (1), a beef extract-peptone broth, 
added to the difficulties of purifying the antibiotic, chiefly because of 
materials in the beef extract which caused the preparations from such 
media to be colored and very hygroscopic. It was found possible to sub- 
stitute yeast extract for the peptone-beef extract medium. 

Data in Table I illustrate experiments comparing four media. These 
data were obtained by averaging the results of two experiments in which 
five flasks of each medium were sampled. Figures in Table I represent 
averages of ten flasks. Of these four media the yeast extract medium, 
fortified with minerals, gives the most satisfactory production. It is 
also the best from the standpoint of chemical recovery and consequently 
was used in our chemical recovery studies. The formula comprises 1 per 
cent glucose, 1 per cent Bacto-yeast extract, 0.5 per cent NaCl, 0.001 per 
cent FeSO,-7H2O, 0.025 per cent MgSO,-7H,0O; final pH 6.8. 


1 Since submitting this manuscript, the authors have noted the appearance of a 
publication concerning purification of streptomycin (Carter, H. E., Clark, R. K., 
Jr., Dickman, 8. R., Loo, Y. H., Skell, P. 8., and Strong, W. A., J. Biol. Chem., 160, 
337 (1945)). 
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Production—The medium was dispensed into 1 liter (225 ml.) or 2 liter 
(350 ml.) Erlenmeyer flasks and sterilized. The inoculum was prepared 
by producing large numbers of spores on agar surfaces in flat sided, large 
mouthed, 8 ounce bottles. The composition of the sporulating medium 
was as follows: 1 per cent glucose, 0.05 per cent asparagine, 0.05 per cent 
K2HPO,, 1.8 per cent agar. 

A complete mat on the surface of the liquid medium is essential for good 
production. It was found necessary to use large inocula to accomplish 
this. After six days incubation at approximately 26° the growth was 
removed from the agar surfaces by adding sterile, distilled water and 


TaBLeE | 
Rates of Production of Streptomycin on Different Media 





Streptomycin titer, S units per ml. 





Age of culture oes 








Medium I | Medium II Medium III Medium IV 

days uf 5 Yo oo ae 

5 5 21 38 15-20 

6 10-15 28 43 25 

7 12-18 48 56 35 

8 18-22 | 53 | 56 38 

9 54 76 52 66 

10 45 115 74 83 
11 43 | 122 60 76 








Medium I, 0.5 per cent peptone, 0.5 per cent beef extract, 0.5 per cent sodium 
chloride, 1 per cent glucose. Medium II, 1 per cent yeast extract, 0.5 per cent sodium 
chloride, 1 per cent glucose, 0.001 per cent ferrous sulfate (heptahydrate), 0.025 per 
cent magnesium sulfate (heptahydrate). Medium III, 0.5 per cent peptone, 0.5 
per cent yeast extract, 0.5 per cent sodium chloride, 1 per cent glucose, 0.001 per cent 
ferrous sulfate (heptahydrate), 0.025 per cent magnesium sulfate (heptahydrate). 
Medium IV, 1 per cent yeast extract, 0.5 per cent sodium chloride, 1 per cent glucose. 


rubbing with a sterile rubber policeman on a glass rod to suspend the spores. 
The spore suspension was added with a pipette to the surface of each flask. 
The spores from approximately 2 sq. in. of agar surface were used for each 
(liter Erlenmeyer) flask. The cultures were incubated at 24-28°. Mats 
were complete in approximately 48 hours. Flasks were sampled starting 
at 5 days, when significant activity begins to appear, and samples were 
assayed. Table II illustrates typical production rates, each figure rep- 
resenting the average of activities shown by five flasks of the same batch. 
Production begins to level off at approximately 9 days. When maximum 
activity was reached, the medium was drawn off with suction by inserting 
a sterile capillary pipette through the mats. Fresh medium, approximately 
equal in volume, was run in under the mats and incubation continued. As 
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will be seen in Table II, higher activities were reached in the reflooded 
flasks after 5 to 7 days than were reached by 10 days in the original medium. 
This reflooding can be repeated, but is limited by the loss of an occasional 
flask to contamination and lowered production due to slight but unavoid- 
able damage of the mats each time. It is not generally practical to carry 
this beyond two refloodings. 

In the yeast extract medium the organism produces a red intracellular 
pigment and a dark brown extracellular pigment which do not appear or 
are produced in much smaller amounts in the peptone-beef extract medium. 
These pigments do not interfere with chemical purification, however. 

The original medium in the flasks reaches 100 to 200S units (9) per ml. 
That obtained by reflooding the cultures reaches 250 to 400 S units per ml. 

Chemical Recovery—It is indicated (7) that charcoal adsorption of the 
antibiotic from the broth and elution with mineral acid are the first steps 


TaBLeE II 
Rate of Streptomycin Production in Surface Culture 


2 


Original culture medium 





Reflooded cultures 











Age of culture | Streptomycin titer on of Streptomycin titer 
days | S units per ml. days S untis per mil. 
4} 50 3 140 
7 70 4 | 190 
8 | 100 5 | 380 
9 | 160 6 314 
10 | 170 7 250 








used in chemical recovery by other laboratories. Charcoal is a relatively 
non-specific adsorbent and a great deal of other material becomes adsorbed 
and eluted with the streptomycin. An attempt to find a more specific 
agent among the zeolites failed. Certain of these are capable of adsorbing 
streptomycin, but the amount of foreign material in the eluates is as high 
as with charcoal. The other approach was then taken, that of making 
the charcoal procedure more specific. 

The following procedure has been evolved. The broth is filtered free 
of suspended fragments from the mats. To the clear broth is added 1 per 
cent of norit A decolorizing charcoal. The broth at this point is approx- 
imately pH 8.0. It is stirred mechanically for 20 minutes and the charcoal 
filtered off on a Biichner funnel with suction. The charcoal is washed with 
3 to 4 times its weight of distilled water. This does not result in any loss 
of streptomycin. The charcoal cake is suspended, with stirring, in meth- 
anol to which 0.5 ml. of concentrated hydrochloric acid has been added 
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per 100 ml. The volume of acid methanol used is approximately one-tenth 
that of the original broth. After 15 minutes the charcoal is filtered off 
and the methanol neutralized to pH 6.0 with sodium bicarbonate. (The 
pH determinations carried out on methanol solutions are actually made on 
1:5 dilutions in distilled water.) The methanol solution is concentrated 
at 25° and 25 mm. of mercury pressure until the volume has been reduced to 
10 per cent of the original. This solution is treated with 7 volumes of 
acetone, centrifuged, and the supernatant poured off. The activity is in 
the precipitate. If dried, this material contains 30 to 808 units of strep- 
tomycin per mg. It is dissolved in distilled water to make a 0.6 to 0.8 
per cent solution and adjusted to pH 4.0 with hydrochloric acid. Then 
3 per cent of charcoal is added. The suspension is stirred for 15 minutes 
and filtered. The pH should be checked after mixing in the charcoal, 
since some charcoal samples contain salts which raise the pH. The char- 
coal contains all the colored materials and approximately one-third of the 
streptomycin. The clear, colorless filtrate is now adjusted to pH 6.0 by 
addition of 1 mM sodium bicarbonate and mixed, by mechanical stirring, for 
15 minutes with 5 per cent of charcoal. This charcoal is filtered off and 
washed with 3 to 4 times its weight of distilled water. The two charcoal 
cakes are separately suspended in cold methanol, and acid methanol (0.5 
ml. of concentrated hydrochloric acid per 100 ml.) added until the pH 
reaches 3.8. The volumes are made up with methanol so that the suspen- 
sion is 20 per cent with respect to charcoal. Stirring is continued for 15 
minutes; then the charcoal is filtered off and washed with a small amount of 
methanol. The eluates, with washings added, are neutralized to pH 6.0 
with 1 m sodium bicarbonate, evaporated in vacuo at 25° to one-quarter the 
original volume, or less, and precipitated by addition of 7 volumes of 
acetone. The suspensions are centrifuged and the supernatants discarded. 
The precipitates are dried in vacuo over concentrated sulfuric acid, and 
powdered. That obtained by adsorption at pH 6.0 and elution is white, 
almost non-hygroscopic, dissolves readily in distilled water, and contains 
approximately 70 per cent of the activity recovered. The potency varies 
from 350to450S units per mg.2. The material obtained from the adsorption 
at pH 4.0 is light brown and is slightly hygroscopic. It contains strep- 
tomycin, 60to85S units per mg., and resembles the crude product from the 
broth after the first acetone precipitation. The two crops contain 30 to 
35 per cent of the streptomycin in the original broth culture. Custom- 
arily, the recovery crop obtained at pH 4.0 is mixed with those from other 
batches and reprocessed in the same manner as described (process of 


? Use of a Sharples supercentrifuge to remove the norit A from the broth more 
quickly and additional washing of the charcoal cakes have resulted in increasing the 
potency of the preparations to as high as 700 8 units per mg. 
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adsorption with pH change repeated). The recovery is approximately 
90 per cent with again 70 per cent of the recovered activity in the 350 to 
450 unit per mg. fraction. 

Example—10.5 liters of medium were drawn off from the mats after 8 
days incubation. Assay of this showed 81.5 units per ml., a total of 
855,000 units. After processing this as described, we obtained 475 mg. 
of material assaying 400 units per mg. and 1.01 gm. of material assaying 
83.5 units per mg. 


Yield of high potency streptomycin = 190,000 = 22.2% 
. low ia = = 91,000 = 10.7% 
Total recovery . = 32.9% 


Reprocessing the 83.5 unit material yielded 170 mg. of 348 unit per mg. 
material and 317 mg. of 72.0 unit per mg. material. Recovery on the re- 
processing equals 90 per cent. The yield of high potency material has now 
increased to 29.1 per cent and a 2.7 per cent recovery of more impure 
material remains. 

Assay—A sample from one of our preparations was submitted to Dr. 
S. A. Waksman for assay in his laboratory and this salt used as a standard 
to carry out assays of all broths and other preparations. Our assays have 
been further checked against a sample of crystalline streptomycin hydro- 
chloride supplied by Merck and Company, Ine. 

A plate-cup assay of the United States Food and Drug Administration 
type with Staphylococcus aureus was used. Three dilutions were poured, 
25, 50, and 100 8S units per ml. The solutions for assay were made up in a 
0.05 m sodium phosphate buffer at pH 7.0. The medium used was that 
recommended by the United States Food and Drug Administration for 
penicillin assay. Twelve plates were used for each assay, four cups on 
a plate. Thus there are eight cups at each dilution for both standard and 
unknown. 

The zones are smaller than those obtained for assays of penicillin or 
Bacillus subtilis streptomycin assays, but are very clear and have sharp 
boundaries. The three zone sizes plotted on semilogarithmic graph paper 
give a straight line. 

Example—A factorial analysis was carried out on several assays accord- 
ing to the method of Bliss and Marks (10). This was found satisfactory 
from the standpoints of possessing parallelism of standard and unknown 
curves, no opposed curvatures, and adherence to straight line relations 
between log-dose and response. In a typical analysis the unknown was 
calculated to 118 per cent of the standard with limits of 114 to 122 per cent. 

Toxicity—A carotid blood pressure recording was made on a 5.5 kilo 
dog under sodium barbital anesthesia. Solutions of two streptomycin 
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preparations were made up to contain 20 mg. per ml. Preparation 1 was 
348 units per mg.; Preparation 2 was 400 units per mg. Injections were 
made into the femoral vein, first 1 ml. of Preparation 1 and after an inter- 
val of 5 minutes, another 4.0 ml. of Preparation 1. After a 10 minute 
interval 1 ml. of Preparation 2 was injected, then 4.0 ml. The blood 
pressure recordings are presented in Fig. 1. It is seen that both the salts 
were without significant effect on the blood pressure, though the sum total 
of injections in a 20 minute period corresponds to far larger amounts than 
are customarily given to human patients on a body weight basis (6). The 
dog recovered well after the slit carotid artery was sewed up. Early 
streptomycin preparations exhibited a “histamine effect” (11). This ex- 
periment demonstrates that the histamine-like factor is not present in these 
preparations. 

Toxicity studies were made on some of our streptomycin preparations 
by intravenous injection in mice. The preparations were made up at 
various concentrations in distilled water and injected into the tail veins of 
white mice weighing 20 gm. One preparation, 400 S units per mg., pH 
7.1, was tolerated at 5.0 mg. (2000 S units), but killed the mice, without 
exception, at 7.5 mg. Another preparation, 500 S units per mg., pH 7.0, 
killed one mouse of five at 5.0 mg. (2500 S units) and killed all mice in- 
jected with 6.0 mg. (3000 S units). No difference was observed when 
smaller volumes were used (0.2 ml. injections instead of 0.5 ml.).* 

When the intravenous injections are made, there is an immediate and 
violent reaction with respiratory difficulty. The mice either die within 5 
minutes or survive indefinitely. The tolerance is approximately 5 times 
higher if the injection is made intraperitoneally. It is evident that a more 
rigorous study of the toxicity testing of streptomycin preparations is needed. 

Denkelwater et al. (12) have demonstrated that cysteine inactivates 
streptomycin, but is without effect on streptothricin. Incubation of 
400 S units of one of our streptomycin preparations with 2 mg. of cysteine 
for 1 hour at 37°, pH 7.0, completely inactivated the preparation. 


DISCUSSION 


The medium used in this work for streptomycin production has the 
disadvantage that it costs approximately 50 per cent more than does the 
peptone-beef extract medium. This is far outweighed by the advantages 
of higher, more rapid production, together with greater ease in purification 
of the product. The peptone-beef extract medium gives preparations of 
almost equal potency after additional manipulations, but they still contain 


® Preliminary testing, since crystalline streptomycin hydrochloride has become 
available to us, indicates that the toxicity of our preparations is all due to the strep- 
tomycin, and not to any impurities. 
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colored materials. Their toxicity has not been studied. Batches of 
streptomycin broth produced in Media II, III, and IV, listed in Table I, 
of equal volume and approximately equal potency, were processed under 
identical conditions. The yields were approximately equal. The poten- 
cies of the products were as follows: Medium II 368 S units per mg., 
Medium III 248 S units per mg., Medium IV 264 S units per mg. 

Broths of potencies varying from 60 to 380 8S units per ml. have been 
processed in the manner described. There appears to be no relation be- 
tween potency of the broth and potency of the final product. Broths at 
both extremes, treated in an identical manner, both yielded products which 
were 400 S units per mg. Final products of lower potency are encountered 
if the charcoal is left in contact with the broth too long, when it adsorbs 
additional foreign matter. 

During hot weather, when incubator space could not be held below 30°, 
it was found that this variance from the optimum conditions for the organ- 
ism caused a marked fall in production of streptomycin. 

The chief impurity in our preparations is sodium chloride. This enters 
as a result of the back neutralization necessary after elution with acid 
methanol. This impurity is no disadvantage to the therapeutic use of the 
preparations. 


SUMMARY 


A procedure for production of streptomycin in surface culture is de- 
scribed. A new method for purification of the antibiotic from these 
cultures is outlined. The products have a potency of 350 to 450 S units 


per mg. 


The authors wish to express their thanks to Dr. Selman A. Waksman for 
supplying the culture used in this work and for assay of a streptomycin 
standard, to Mr. Walter Bachinski for carrying out the tests on dog blood 
pressure, and to Merck and Company, Inc., for a gift of crystalline strep- 
tomycin hydrochloride. 
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LETTERS TO THE EDITORS 











ON THE FUNCTION OF PYRIDOXINE IN LACTIC 
ACID BACTERIA 


Sirs: 


During the course of our studies on the use of microorganisms for the 
determination of amino acids, we have found that the amino acid require- 
ments of several lactic acid bacteria are modified not only by pyridoxine 
and pyridoxine derivatives, as reported by Stokes and Gunness,' but also 
by the presence or absence of COo. 

It was observed that the growth response of the organisms grown in a 
medium containing pyridoxine but deficient in any one of several amino 
acids was rapid when the cultures were grown in tubes of small diameter, 
while only scant growth occurred in Erlenmeyer flasks in which the rela- 
tive surface area was much larger. This difference in growth response was 
found to be due to a difference in the amount of metabolic CO, retained in 
the culture medium. 

The results of an experiment which shows the relationship of both 
pyridoxine and CO, to the amino acid requirements of Streptococcus faecalis 
R and Lactobacillus arabinosus are given in the table. 

The cultures were grown in 50 ml. Erlenmeyer flasks. In the tests with 
carbon dioxide the cotton stoppers were replaced with sterile rubber stop- 
pers after seeding. Then by the use of sterile hypodermic needles and 
cotton filters the air in the flasks was displaced by flushing with 2 liters 
of a gas mixture containing 6 per cent CO, and 94 per cent air. The needles 
were removed from the stoppers before incubating the cultures. The 
medium was similar to that used for amino acid assays.* Succinie acid 
was used as a buffer in the Streptococcus faecalis R medium. When 
pyridoxine was used, it was autoclaved with the medium. 

Since CO, is not required for the growth of the organisms in a medium 
containing all of the amino acids, it is probable that CO, is required spe- 
cifically for amino acid synthesis. Likewise, since pyridoxine or pyridoxine 
derivatives are not required for rapid growth in a medium containing all 
the amino acids, but are required in a medium with certain amino acids 
omitted, it is probable that some form of pyridoxine is involved in an 


1 Stokes, J. L., and Gunness, M., Science, 101, 43 (1945). 
* Kuiken, K. A., Norman, W. H., Lyman, C. M., Hale, F., and Blotter, L., J. Biol. 
Chem., 151, 615 (1943). 
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enzyme system which carries out amino acid synthesis in these organisms. 
Gunsalus et al.* have shown that a derivative of pyridoxine is a part of an 


Effect of Carbon Dioxide and Pyridoxine on Amino Acid Requirements of Lactobacillus 
arabinosus and Streptococcus faecalis R 
The figures show the ml. of 0.1 N sodium hydroxide required to titrate 5 ml, 
aliquots from 10 ml. cultures after incubation for 72 hours. 





Flasks stoppered with Sealed flasks, gas phase, 








| 
loose cotton plugs CO:-air mixture 
Organism Amino acid omitted : - 
Without ». oF Without © 7. 
| spelieane | P ory gpalieaias | P ae my 
L. arabinosus Phenylalanine | 0.60 | 0.63 0.88 5.00 
Tyrosine | 0.43 | 0.46 0.63 4.21 
Arginine | 0.36 | 0.43 0.51 5.29 
None | 4.338 | 5.75 4.17 | 5.91 
S. faecalis R | Aspartic acid | 0.58 1.09 0.71 4.04 
| None | 4.72 4.65 4.65 | 4.58 





enzyme system which decarboxylates tyrosine with the release of CO,. It 
remains to be proved whether pyridoxine functions also in the reverse 
manner; that is, in an enzyme system which carries out the fixation of 
CO, as a step in the synthesis of certain amino acids. 


Texas Agricultural Experiment Station Cari M. Lyman 
Agricultural and Mechanical College of Texas OLIVE MOSELEY 
College Station SuzANNE Woop 


Betty BuTLeR 
Frep HALe 
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* Gunsalus, I. C., Bellamy, W. D., and Umbreit, W. W., J. Biol. Chem., 155, 685 
(1944). 























DEHYDROPEPTIDASE ACTIVITY LIN TISSUES 


Sirs: 

_ Peptides of a-aminoacrylic acid (dehydroalanine) may be enzymatically 
hydrolyzed to products which include pyruvic acid and ammonia.’ An 
active dehydropeptidase for chloroacetyldehydroalanine is present in ex- 


Hydrolysis of Dehydropeptides in Tissue Extracts* 





Ammonia N liberated from 


Chloroacetyldehydroalanine Glycyldehydroalanine 














Tissue 
Rat “Mouse _ cae Rat Mouse| 4 = 
Seren.’ i re te yO ee 
Er mr an ho 5 3 | 20 12 
Primary hepatoma...................| 10 | 20 
Transplanted hepatoma..............| 1 0 20 18 
NG. «0 6-su cb be becs cele cdbccdus sbuup On Geen) Ge eae 17 | 12] 16 
eer: ee ee 
I nok sina echw alias when Wk 0} 0} O| 18 | 17 | 15 | 20 
SE ae ee 0| 0} O | 20f) 16 | 12) 14 
er or 10 4|/ 3/10/17 | 20 | 15 | 15 
Intestinal mucosa... . i Se 2 20 | 
“ adenocarcinoma. ......... 0 19 | 
ON ET Caer Ieee 0| 0 | il _4| i 





* The data are givenin terms of moles X 10~* of ammonia N liberated from 25 X 10°* 
mole of substrate in 1 cc. after 2 hours incubation at 38° with 1 cc. of phosphate buf- 
fer at pH 6.9 and 1 cc. of tissue extract equivalent to 16Q ng. of tissue. The results 
are corrected for appropriate blanks. Nearly identical Tesults were obtained under 


anaerobic conditions. 
t Pyruvate was present to the extent of 16 tolSmoles X 10-*. Maximum hydroly- 


sis of substrates corresponding to 20 to 22 moles X 10~-* of ammonia N was reached 
in 2 hours; 50 per cent hydrolysis was reached after about a half hour of incubation. 
Neither glycine nor glycylglycine yields ammonia or pyruvate under present con- 
ditions. 

t 1 ec. of serum was used for the digests. Corresponding values for human serum 
are 0 with chloroacetyldehydroalanine and 4 with glycyldehydroalanine. 


tracts of liver, kidney, and pancreas of rats, mice, rabbits, and guinea pigs ;* 
under the same conditions this substrate is not appreciably attacked in the 
serum or in extracts of spleen, brain, muscle, or tumors of these species. 
1 Bergmann, M., and Schleich, H., Z. physiol. Chem., 205, 65; 207, 235 (1932). 
? Greenstein, J. P., and Leuthardt, F. M., J. Nat. Cancer Inst., 5, 209, 223, 249 
(1944-45). 
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We have recently observed that when glycyldehydroalanine is used as 
the substrate every tissue studied, whether normal or neoplastic, actively 
hydrolyzes it (see the table). It would appear that there are at least two 
dehydropeptidases, one with a very wide distribution among tissues which 
may be designated dehydropeptidase I and the substrate for which is 
glycyldehydroalanine, and the other with a relatively limited distribution 
among tissues which may be designated dehydropeptidase II, the substrate 
for which is chloroacetyldehydroalanine. The former enzyme, unlike the 
latter, apparently requires the presence of a free a-amino group in the acyl 
residue of the substrate. 

The wide-spread occurrence and powerful activity of dehydropeptidase 
in tissues, as compared with the relatively weak activity intracellularly 
of the peptidases for saturated chain peptides (aminopeptidase, carboxy- 
peptidase, etc.), lend weight to Bergmann’s original view® that amino 
acids can be catabolized when in peptide linkage. The occurrence of 
dehydropeptidase I in tissues lacking exocystine desulfhydrase activity? 
suggests that the precursors of a,6-unsaturated amino acid residues in 
susceptible dehydropeptides may be other amino acids besides cystine. 


National Cancer Institute Jesse P. GREENSTEIN 
National Institute of Health FLorence M. LeurHarpt 
Bethesda, Maryland 
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3’ Bergmann, M., Schmitt, V., and Miekeley, A., Z. physiol. Chem., 187, 264 (1930). 























A SUGGESTED MODIFICATION OF THE MICROBIOLOGICAL 
ASSAY FOR RIBOFLAVIN 


Sirs: 


A number of reports' have called attention to the fact that natural 
sources of the vitamin B complex contain substances other than the vita- 
mins that stimulate the growth of the microorganism, Lactobacillus casei, 
used in microbiological assay procedures. In the riboflavin assay pro- 
cedure the non-riboflavin stimulatory effect becomes significant when the 
lower levels of added test solution give an apparent riboflavin content ap- 
preciably in excess of that shown by the larger additions. 

In our experience careful removal of the protein and fat fractions of the 
test solution has eliminated the non-specific stimulatory effect. The 
U.S. P. microbiological assay procedure? provides for the removal of these 
fractions, but a more detailed description is desirable for application to 
food products and particularly cereals. After the sample has been treated 
with 0.1 N HCl in the autoclave for 30 minutes and cooled to room tem- 
perature, as directed in the U.S. P. procedure, the suspension is adjusted 
to pH 5.5 to 6.0 with NaOH solution and HCl is immediately added until 
no further precipitation occurs (at the isoelectric point of the protein, 
about pH 4.5). The suspension is diluted to a measured volume such that 
it contains more than 0.1 y of riboflavin per ml. and filtered through paper 
known not to adsorb riboflavin. Dissolved protein, if present, is de- 
tected in the clear filtrate, at a pH both below and above that first used, 
by adding dropwise first HCl solution then NaOH solution. If further 
precipitation occurs, the solution must again be adjusted to the point of 
maximum precipitation and then filtered. To a measured volume of the 
clear filtrate NaOH solution is added to a pH of 6.6 to 6.8. If cloudiness 
occurs, the solution is again filtered, and then diluted to a final volume 
calculated to contain 0.1 y of riboflavin per ml. 

In the table data are presented showing the stimulatory effect that may 
occur when the protein fraction has not been removed completely from the 
test solution. A comparison is made of values obtained for the different 


1 Snell, E. E., and Strong, F. M., Ind. and Eng. Chem., Anal. Ed., 11, 346 (1939). 
Bauernfeind, J. C., Sotier, A. L., and Boruff, C. S., Ind. and Eng. Chem., Anal. Ed., 
14, 666 (1942). Andrews, J.S., Boyd, H. M., and Terry, D. E., Ind. and Eng. Chem., 
Anal. Ed., 14, 271 (1942). Williams, V. R., and Fieger, E. A., Cereal Chem., 21, 540 
(1944); Ind. and Eng. Chem., Anal. Ed., 17, 127 (1945). 

* The pharmacopoeia of the United States of America, Twelfth decennial revision, 
Ist bound supplement, Easton (1943). 
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levels of test solution (a) after precipitation with alkali and (b) after pre- 
cipitation according to the modified procedure. 














Riboflavin at different levels of test solution 
Material assayed Method of 
pptn. | 1.0ml.test | 1.5ml.test | 2.0 ml. test 
solution | solution | solution 
per ml. per ml, + per ml. 
Vitamin B complex capsules (a) | 0.110 0.096 | 0.094 
(b) 0.0044 | 0.092 | 0.004 
Dried brewers’ yeast (a) 0.092 0.088 0.083 
(b) | 0.082 | 0.082 | 0.081 
Enriched flour | (a) / 0.099 0.093 | 0.091 
(b) 0.088 } 0.089 0.088 
“s bread (a) 0.101 0.095 0.085 
(b) | 0.086 | 0.084 | 0.085 





*(a) precipitation with alkali; (6) precipitation according to the modified 
procedure. 


By approaching the isoelectric point from the alkaline side, more nearly 
complete removal is assured. The fraction that stimulates is readily 
soluble above but insoluble below the isoelectric point over a fairly wide 
range of acid concentration. The fat fraction is removed satisfactorily 
by the process of filtration through paper. 


Food and Drug Administration H, W. Loy, Jr. 
Federal Security Agency O. L. Kunz 
Washington 
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REVERSAL BY TRYPTOPHANE OF THE BIOLOGICAL EFFECTS 
OF 3-ACETYLPYRIDINE 
Sirs: 

Woolley’ has shown that the feeding of 3-acetylpyridine (a structural 
analogue of nicotinic acid) to mice caused the production of a fatal disease 
with many manifestations similar to those of human pellagra or of canine 
blacktongue. This action of 3-acetylpyridine could be negated completely 
by addition of nicotinic acid to the diet. At about the same time, Krehl 
et al.2 demonstrated that the inclusion of corn in a highly purified basal 
ration for rats brought about retardation of growth and that this deleterious 
effect of corn could be overcome either with nicotinic acid or with trypto- 
phane. These authors postulated a selective action of the corn on the 
intestinal flora as an explanation of their findings. However, an alternate 
hypothesis is that the “pellagragenic” action of corn may be related to 
the occurrence in it of a structural analogue of nicotinic acid which competes 
with that vitamin just as 3-acetylpyridine does. Since tryptophane as 
well as nicotinic acid counteracted the effects of corn, it was decided to 
determine whether tryptophane would also overcome the action of 3- 
acetylpyridine. The experiments described below will show that trypto- 
phane did nullify the toxic effects of 3-acetylpyridine. 


Responses of Mice to Added Tryptophane and 3-Acetylpyridine 





| 








7 hane | 3-Acetylpyridine | No. of animals | No. of deaths wee ee in 
per cent mg. per day | gm, per wk. 

0 0 | 12 | 0 +4.0 
0 4 | 12 | ll 

2.0 4 6 0 +5.2 
1.0 4 11 1 +6.1 
0.3 | 4 ll | +6.1 
0.1 4 | 6 ] +4.6 








Weanling mice were caged individually on screen floors and fed a diet 
composed of sucrose 75 gm., casein 18 gm., salts’ 5 gm., heated starch 
(amigel)* 20 gm., fortified corn oil’ 1 gm., thiamine 0.2 mg., riboflavin 0.5 


1 Woolley, D. W., J. Biol. Chem., 167, 455 (1945). 
2 Krehl, W. A., Teply, L. J., Sarma, P. 8., and Elvehjem, C. A., Science, 101, 489 
(1945). 
§ Phillips, P. H., and Hart, E. B., J. Biol. Chem., 109, 657 (1935). 
‘Supplied by the Corn Products Refining Company. 
5 Woolley, D. W., J. Biol. Chem., 148, 679 (1942). 
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mg., pyridoxine 0.2 mg., calcium pantothenate 2 mg., choline chloride 10 
mg., and inositol 100 mg. ‘To this basal ration various amounts of tryp- 
tophane were added. Beginning on the 4th day each animal was given 
orally 4 mg. of 3-acetylpyridine per day. The experiment was continued 
for 10 days, and the animals were observed for signs of disease and were 
weighed twice weekly. In one experiment, to verify the previous finding 
that this vitamin would protect the animals,' a group of six mice was fed 
the basal ration plus 0.5 per cent of nicotinamide. 

The data in the table show that tryptophane nullified the toxicity of 
3-acetylpyridine. It also prevented the pellagra-like manifestations called 
forth by the ketone. As little as 0.1 per cent of the amino acid was suffi- 
cient to protect the animals. Therefore, tryptophane was as active in 
this respect as was nicotinic acid.'’ In view of these results and those of 
Krehl et a/.2 it might be of interest for a study of the etiology of pellagra to 
examine corn for the presence of a structural analogue of nicotinic acid. 


The Rockefeller Institute for D. W. Woo.tter® 
Medical Research 


New York 


Received for publication, December 17, 1945 





® With the technical assistance of A. Holloway. 
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